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Therapeutic compositions for use in prophylaxis or treatment of diarrheas 
FIELD OF THE INVENTION 

5 The present invention relates to the fields of carbohydrate biochemistry and clinical 
microbiology. The invention provides a therapeutical composition comprising purified 
fractions of compounds being or containing a pathogen-inhibiting oligosaccharide 
sequence for use as a medicament The present invention especially describes an 
oUgosaccharide-containing substance or receptor binding to diarrheagenic Escherichia 

10 coli 9 and use thereof in, e.g., pharmaceutical and nutritional compositions for prophylaxis 
and treatment of conditions due to the presence of Escherichia coli. The invention is also 
directed to the use of the receptors for diagnostics of Escherichia colL 



BACKGROUND OF THE INVENTION 



Of prime interest with respect to bacterial colonization and infection is the mechanism(s) 
by which bacteria adheres to the epithelial cell surfaces. The prior art describing bindings 
of various bacteria does not describe the use of the receptor combinations according to the 
present invention againrt . infections, especiaUy agaim 
20 invention is also useful for gastrointestinal infections, especially oral infections, and can be 
used against lung infections. 

Carbohydrate binding of EPEC 

CHO-cell mutants have been used to study the effect of glycosylation on EPEC binding. 
25 Since a sialic-acid-and-Gal-laclring mutant had lower binding activity than a sialic acid 
. lacking mutant, the authors suggested ; that the binding sequence could be GaJp3GlcNAc or 

\ \ Gal04GlcNAc and sialic acid; The idea of Gal{53GIcNAc or Galp4GlcNAc usage was also 

: /patented. It was suggested that sialic acid may be necessary for EPEC mediated cell 
•/J. detachment (Vanmale, R.P. et al., 1995). However, the bell surface glycosylation is. 
\ * 30 involving several classes of glycoproteins and glycolipids, and the biosynthetic patiiway 

. for glycosylatibris are so complicated tihat mutations have multiple biosynth^tic effects on 
• • • : glycosylations which are not properly characterized yet The present invention shows that 

not all sialic acid oligosaccharide sequences were effectively active, and similarly, the 
disaccharides alone in all structures are nc>t effectively active. The present invention is 
: 35 directed to the use of more specific effective structures which could not be determined 

based on the previous data: In another study the same scientist inhibited attachment of an 
EPEC-strain to Hep-2 cells by N-acetyl lactosamine-BSA and Lex -BSA neoglycoproteins 
in the concentration range .0.4- 0.8 mg/nil (Vanmale, R.P. et al., 1995), According to the 
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present invention the disaccharide sequences or Lex are not enough for strong binding to 
EPEC, but larger or more specific oligosaccharide sequences according to the invention 
are preferred. The present invention also describes simultaneous use of compositions of 
two or several oligosaccharide sequences for .theraphy of all types of diarrhea causing 
5 infections for several pathogens, even when pathogen is undetermined. The present 
invention is specifically directed to therapheutically useful polyvalent conjugates which 
are effective in lower concentrations and does not comprise unnatural protein structures, 
which are potent antigens or allergens. 

10 A small variety of commercial glycolipids has been used to screen the specifity of an 
• EPEC strain. In decreasing order of activity asialo-GMl, asialo-GM2, globoside and lacto- 

N-tetraose were observed to bind, while sialylated gangUosides, lactosylceramide, 
globotriabsylceramide (Gala4iGaip4GlcpCer), and Forssmann glycolipid were negative. 
Asialo-GMl binding was studied with several strains. The binding active epitope was 
15 considered to be GaINAcP4Gal orGalNAcj33Gal with weaker activity. The authors also 
describe binding to asialo-GMl neoglycoprotein and GalNAic neoglycoprotein but not 
inhibition of the binding to the asialo-GMl by ^ neoglycoproteins at 25 micromolar 
concentration or undefined oligosaccharides at 1 mM concentration (Jagannatha, H.M. et 
al., 1991): The authors did not observe the several binding specificities obvious from the 
20 present invention, wherein several strains were tested. These specificities include 

lactosylceramide binding, Gala4Gal-binding (globdtriose and Forssman antigen negative) 
or sialic acid dependent bindings of the bacteria; Their results indicated specifically that 
the contradictory bindings describe*! were not inhibitable by monovalent or polyvalent 
oligosaccharide sequences and therefore this study did not show therapheutically useful 
types of binding as the present invention does. The failure tb show all the bindings and 
inhibition may be related in technical failure m the process. 

Several ohgosaccharide fractions from Iniman miUc were analysed for inhibition of EPEC • 
strains at a concentration 3 mg/mL Inhibiting activity was observed in pentasaccharide 
fraction, possible difucosylactose fraction, possible lacto- and neolactotetraose fraction, - 
.heptasaccharids fraction and hexasaccharide fraction. The fractions w;ere named after 
expected major components. Compositions.of the fractions were detenriined by 
monosaccharide analysis which does not reveal the exact structures of the components. '. 
The real' compositions of the fractions sand the presence of potential, minor or other 
saccharides were not assessed (Cravibto, A, et al 1991). As the active compound or 
comppunds were not characterized, the data would hothave lead to the present invention. 
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Human milk lactoferrin, secretory IgA and free secretory component has been shown to 
inhibit EPEC-binding to glycoproteins of HELA-cells, with no indications to carbohydrate 
structures (Nascimento de Araujo, and Giugliano 2001). 

Inhibition of the EHEC toxin binding to Gala4Gal04Glc and binding data about other 
toxins of Kcoli binding to Gal04GlcNAcp3Gal|34Glc has not been shown to cure the 
disease caused by EHEC. There are suggestions with regard to the use of solid phase 
conjugates containing Gala4Galp4Glc for inhibition of toxins in therapheutics against 
diarrhea. The clinical trials using the single epitopes failed. The polyvalent conjugates 
according to the present invention are specifically directed to soluble polyvalent 
conjugates for effective inhibitions of pathogens, especially adhesion of diarrhea causing 
E.. coli bacteria. 

Purified eolbniaiization factors of certain ETEC strains were shown to bind to asialo-GMl 
(Galp3GalNAcp4Lac-Cer) but not to sialylated control gangliosides (Oroe, et al., 1990). A 
colbniaiization factor was shown to bind to several galactoglycoprbteins in the rabbit 
intestine. This binding could be inhibited by asialo-GMl, GMl^ GM2, but not so 
effectively by GM3 and the adhesiti bound to GalNAcp4Gal-neoglycoprotein. Human 
meconium glycoprotein and its asialo- and afucoform inhibited the binding more weakly 
and bovine glycophorin most weakly. As the binding of the Maackia amuriensislectin, the 
meconium glycoprotein bmdihg was aiso probably polylactosamihe dependent Sialic acid 
residues were considered not to be important for the bindings (Neeser, J.R. et al, 1989; 
Weniieras, C. et al. 1995). However, mis. study shows no useful defined multiepitope 
solution for treatment of diarrheas or other infections. The polykctosamine specificity was 
not. defined, if present The present invention shows that not all of polyiactosamine type 
sequences, such, as the branched structure, are not active. Use ofcbmbinations of 
specificities are not defined. 

Human milk gangliosides GM1 and GM3 and more Weakly GjD3 were inhibiting the 
binding of an ETEC and an ^EPEC strain to human cancer Caco-2 cells, while 
lactosylceramide, GD3-lactbne, and N-acetymeuraminic .acid was negative: The present 
invention shows a lactosylceramide binding and.sialic acid dependent bindings. This prior 
art shows a potential single hot weil characterized specificity whichi if existant, is probably 
not even among ;the binding specificities disclosed in the present invention. 

EPEC binding to HeLa cells was inhibited by 100 mM N-acetylgalacfosamine and a 
bacterial membrane protein was purified by affinity chromatography using GalNAc 



(Scatelsky, et al. 1988). However, disclosed weak bindings to a monosaccharide does not 
allow any conclusions on the biological significance of said binding. 

EPECs may bind to Maru alpha-methyl-Man and Man-containing N-glycan sequences. The 
most active compounds contained Manal-3Man- structure (Neeser et al. 1986). An earlier 
study characterized Manal-3Manpi-4GlcNAc, Manal-paranitrophenyl and Manal- 
3(Manal-6)Manal-6(Manal-3)Manal-OMe as good binders to type 1 villi of K coli 346 
(Firon et al., 1982). However, the publications do not determine the use of the epitope 
together with other specific binding molecules. 

Hemagglutination of erythrocytes by an ETEC strain was inhibited by mucin type U 
(Sigma), a red cell glycoprotein preparation, gangliosides type n, and sialic acid (1 
mg/ml). The hemagglutination could be prevented by protease, sialidase, periodate, urea 
and guanidium chloride. This study does not describe the nature of the sialic acid 
potentially involved in.the binding under the. experimental conditions (Barthus et al, 1985). 

CFA/I was purified and shown to be a polymeric protein with Mw about 23,800. The 
purified protein had hemagglutination activity when aggregated by acid. Only N- 
. acetylneuraminic acid could inhibit the hemagglutination. The effect of NeuNAc was 
suggested to be non-specific (Evans et al, 1979). Potentially sialylated, sialidase sensitive, 
glycoprotein receptors have been reported for ETEC (Pieroni, P., and Worobec* E. A. 1988, 
Wenner&setal., 1990) 

Enteroaggregative E. coli (EAEC) binding to HeLa-cells have been reported to be 
inhibitable by human milk protein fractions, which were not characterized (Nascimento de 
Araujo, arid Giugliaho 2000). The Specificily of the binding towards the carbohydrates 
iriyplved, if any,, has not ^ been described., 

Uro pathogenic E. coli . . ; . • : 

Many studies describing the bingding of urbpathogenic E.. coli have been performed. This . 
bacterium binds for example to Gala! -4Gal-sequences. The uropathogenic bacteria are 
different from the intestinal diarrhea bausing apthogens such as EHEC, ETEC, EPEC, 
EAEC, or EDBC. Bindings and infection mechanisms of bacteria vary between strains and. 
types of bacteria, and results from one indication cannot be generalized to other 
indications.. The binding specificities of the bacteria infecting different organs are adapted 
to the tissue specific receptors present oh certain tissues: tWglycosylations in. human and 
animal is in general tissue- and species-specific. A potential situation where cross- 
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reactivity between species may arise, needs to be addressed by characterizing the exact 
receptor structures in target tissues and the specificities of the cross-reacting bacteria. 

In general the prior art does not describe useful combinations of specified receptor 
activities for effective treatment of infections, especially intestinal infections. The prior art 
concentrates on single specificities, which are in general not shown to be present 
simultaneously on a single strain of bacteria. Due to variations in single bacterial strain the 
binding specificities may vary between experiments. Further, the prior art does not show 
useful therapies using monovalent oligosaccharide sequences or polyvalent sequences as 
described in the present invention 

The prior art does not suggest a simultaneous therapheutical use of several inhibitors of 
carbohydrate mediated pathogen binding. The therapheutically useful combinations of 
carbphydrate mediated pathogen binding could be considered, 

1) if a certain strain of a pathogenic bacterium (or a pathogen cell) has several binding 
specificities; and 

2) if these binding specificities are simultaneously present on the pathogen; and 

.3) if corresponding receptor oligosaccharide sequences are present on a relevant target 
. tissue; and 

4) if relevant receptor oligosaccharide sequences are available for the binding 
specificities of tjie pathogen. 

When considering usefulness of therapheutic receptor combinations, the effects of possible 
inhibitor oligosaccharides alone and hi combinations must be established The present 
invention shows useful substances and compositions for inhibition of pathogens. The prior 
art is about potential bindings and does not allow any determination of the effective ■ 
inhibitors of p - 

Identification of relevant receptor oligosaccharide on; human gastrointestinal tract 
The present mvention discloses the presence of glycoprotein bound oligosaccharide 
sequences which can serve as primary or first contact receptors on human gastrointestinal . 
epithelium Several novel receptor sequences are demonstrated. A combination of 
pathogen binding data with iioyel information of the most relevant first contact receptors - 
allowed us to determine useful inhibitors for pathogen binding. The analysis of receptors 
according to the invention revealed that several novel receptor types are present on 
gastrointestinal epithelia and these are, as first contact receptors, more available for a 
primary contact with pathogens. 



SUMMARY OF THE INVENTION 

The present invention relates to a therapeutical composition comprising a purified 
fraction(s) of at least two compounds being or containing a pathogen inhibiting 
oligosaccharide sequence selected from at least two of the following groups of pathogen 
receptors: 

a) Lactosylceramide receptors 

b) Ganglio-receptors 

c) Gala4Gal-receptors 

d) Lacto-receptors 

e) Neolacto-rtceptors 

f) Fucosyl-receptors 

g) Sialic acid-receptors 

h) : Mannose receptors 

for use. as a medicament . The structures of the receptors are defined below. 

The invention especially describes a simultaneous use of at least two carbohydrate 
receptors of the above jgroups binding to pathogens, especially diarrtiiea-causihg 
Escherichia coli,: and analogs or derivatives of the oligosaccharide sequence having 
binding activity to Escherichia coli for the treatment and prophylaxis of diarrheas due to 
the presence of Escherichia coli. • \ m 

Among the objects of the invention are the use of the diarrheagenic Escherichia coli 
binding oligosaccharide sequences described in the invention as a medicament, and. the use 
of the same for the maniifacture: of a phann^beutical composition, particularly for the 

treatment of any condition due to fhQpTQsenc&ofEsch^ichiacoli. 

. •* . ■ * ' - ' * * * * ".■*'*•*"■ . ■ 

The present invention also relates to the methods of treatment for conditions due to the 
presence of diarrheagenic Escherichia coli. The invention is also directed to the use of the 
receptor(s) described in the invention as an Escherichia co7/-biriding or -inhibiting 
substance for diagnostics of diarrheagenic Escherichia coli. ' 

Another object of the invention is to provide substances^ pharmaceutical compositions and 
nutritional additives or compositions containing Escherichia W/-binding oligosaccharide 
sequence(s). 
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Other objects of the invention are the use of the above-mentioned Escherichia coli binding 
substances for the typing of Escherichia coli, and the Escherichia coli binding assays. 

The invention is also directed to the use of the oligosaccharide sequences according to the 
invention in food safety products for inhibition of pathogens, especially diarrhea causing 
bacteria such as diarrheagenic E. coli. The present invention is also directed to food safety 
analytics to determine presence of diarrhea causing E. coli by the use of the receptor 
carbohydrates according to the invention. 

The present invention is also directed to novel oligosaccharide receptors present on 
glycoproteins of human gastrointestinal tract. The invention is directed to the use of the 
recepors for analysis of pathogen binding and pathogenic conditions. 

% . m ' 

A BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Binding of wild type diarrheagenic Escherichia coli strains to glycosphingolipid 
mixtures. (A) Glycosphingolipids detected with anisaldehyde. (B and C) Autoradiograms 
obtained after binding of radiolabeled wild type diarrheagenic E> coli isolates. The 
glycosphingolipids were separated on aluminum-backed silica gel plates, using 
chioroform/methanol/water (60:35:8, by volume) as solvent system,. and the binding assay 
was performed as described in "Experimental procedures 1 '. The lanes were: Lane 1, nbh-acid 
glycosphingolipids of mouse feces, 40 j*g; lane 2, non-acid glycosphingolipids of guinea! pig 
erythrocytes, 40 pg; lane 3, Forssman glycosphirijgolipid, 
(GalNA.ca3GalNAc0a4Gaip4Gic 
(QaINAcp4G^ 

(Galp3G^ land 6,. non-acid ^ glycbisphingblipids of human 

meconium, 40 jag; lane 7, noh-acid glycosphingolipids of human stomach, 40 jig: lane 8, 
globoside (^lNAcpGala4Gaip4GlcpiCer), 4 jig; lane 9, acid glycosphingolipids of humaii 
erythrocytes, 40 jig. Autoradiography wasfor l2lL : 

FIG. 2. Binding of diarrheagenic Escherichia coli strain CCUG 38077 to pure 
glycosphingolipids on thin-layer chromatogram. (A) Chemical detection by 
anisaldehyde. (B) Autoradiogram obtained by binding of 35 S-labeled E. coli strain CCUG 
38077. The glycpsphmgolipids were separated oh aluminum-backed silica gel plates, using 
chloroform/methanol/water (60:35:8, by volume) as solvent system, and the binding assay 
was performed as described under " Experimental procedures". The lanes were: Lane. I, 



lactotetraosylceramide (Galp3GlcNAcp3Galp4GlcplCer), 4 jig; lane 2, NeuAc-GM3 
(NeuAca3Gaip4GlcpiCer), 4 jig; lane 3, NeuGc-GM3 (NeuGca3Galp4GlcplCer), 4 *ig; 
lane 4, NeuAca3-sialylparagloboside (NeuAccx3Galp4GlcNAcP3Gaip4GlcpiCer), 4 fig; 
lane 5,NeuGc-sialylparagloboside (NeuGccx3Gaip4GlcNAcp3Gaip4GlcpiCer), 4 |ig; lane 
6, sialyl-Le a hexaglycosylceramide (NeuAca3Galp3(Fuca4)GlcNAcp3Galp4GlcpiCer), 4 
|ig; lane 7, NeuGc-neolactohexaosylceramide 

(NeuGco3Gaip4GlcNAcp3Galp4GlcNAcp3Gdp4GlcpiCer), 4 ^g; lane 8, GDla 
ganglioside (NeiiAcctfGal^^ 
Autoradiography was for 12 h. 

FIG. 3. Effect of preincubation with oligosaccharides.. Radiolabeled wild type E. coli 
strain 44 was incubated with a mixture Of globotetraose (1.5 mM) and 3'sialyllactose (1.5 
mM) in PBS for 1 h at room temperate. Thereafter the suspensions were utilized in the 
chromatogram binding assay. (A, not shown) Binding of radiolabeled K coli strain 44. (B, 
not shown) Binding of E. coli strain 44 incubated with globotetraose and 3 'sialyllactose. 
Lanes 1-5 were serial dilutions of globoside (GalNAcpGala4Galp4GlcplCer) and 
3'sialyiparagloboside (NeuAca3Galp4GlcNAcp3Gaip4GlcplCer). Lane 1, 4 fig of each 
compound, lane 2, 2 jig of each compound, lane 3, 1 jig of each compound, lane 4, 0.5 pig 
of each compound, lane 5, 0.2 jag of each compound, lane 6, B7 type 1 
heptaglycosylceramide (Galc^(Fucct2)Gaip3(Fuca4)G negative 
control), 4 jig. The glyeosphirigolipids were separated on aluminum-backed silica gel 
plates, using chioroforni^methanpl/water (60:3 5 :8, by volume) as solvent system, and the 
binding assay was performed as. described under "Experimental proced^Ires ,, . 
Autoradiography was for 12 K (C) Binding curves obtaniied aftisr quantification of binding 
by densitometry. The autoradiograms in (A) and (B) were analyzed using the NIH Image 
program. . / 

DETAILED DESCRI^ION'OF THE INVENTION 

Binding of pathogenic viruses and bacteria to huihan tissues depends on carbohydrate 
receptors. Several carbohydrates have^een in clinical or preclinical trials for the possible 
effect on the inhibition of infections by pathogenic bacteria or viruses. For example, a 
sialylated oHgosaccharide has been a candidate for the inhibition of human gastric 
pathogen H. pylori and another oligosaccharide has been suggested to be effective against 
otitis media causing bacteria, but no results have come from, the first trial after several 
years of studying and the other trial has. also been announced to have been unsuccessful. 
There have also been failures with two phase 3 trials concerning oligosaccharide 
conjugates inhibiting bacterial toxins. Such failures are partially related to a poor . 



understanding on exact pathogenic mechanisms behind the diseases. The present invention 
includes wide studies on the receptors and molecular mechanisms of pathogenesis which 
allow treatment and diagnostics of multiple pathogens. Especially* the present invention is 
directed to the treatment of diseases such as various types of diarrheas caused by binding 
5 of E. coli to human intestine. . 

In a specific embodiment the invention can also be used for treatment of infections of 
cattle or pet animals. The binding specificities of animal infecting bacteria are different 
from those of the human pathogens. However, the general mechanisms using several 
1 0 specificities at the same time, and use of polyvalent conjugates^ especially soluble 

polyvalent conjugates according, to the invention, are also preferred for use with animals. 
The binding specificities are also partially cross-reactive and some of the receptor 
combinations described by the present invention are also useful for animal theraphies, and 
against some bacterial strains spread from animals such as cows. As the present invention 
15 show receptor sequences which are also, described from animals living with man and 
probably play a role in the transfer of the infection, e.g. from cattle to human. . 

The present invention describes carbohydrate compositions and substances which inhibit 
pathogens and can be used for theraphy against pathogens. Binding of pathogens such as 
20 pathogenic bacteria, toxins, viruses,, fungi, pr parasites to. human or animal tissues depends 
mainly on receptor carbohydrates. (The term pathogen cells'' means herein pathogens 
coiiiprising eukaryptic or prokaryotic cells such as pathogenic bacteria, fungi and. 
. parasites.) The present invention is specifically directed to the treatment.of infection by a 
pathogen or a pathogen cell having several binding specifibities. The present invention 
25 describes carbohydrate compositions and substances which inhibit pathogens. The present 
carbohydrate compositions and substances can be used to inhibit the carbohydrate receptor 
mediated pathogen binding and prevent or inhibit the interaction. The present invention is 
s specifically directed to the inhibitori of a pathogen cell, which bind to huinan/animal cell 

,5 or tissue surfaces using several simultaneous binding specificities. - 

. 30 •• . - •. ; • • ; . • • . • • , . : - . • • : 

„° ' Often the receptor carbohydrate is located on the surface of the cells of a human or animal 
that is infected by a pathogen. Alternatively the receptor carbohydrate is located on the 
surface of the pathogen arid recognized by the host animal or human. The receptor 
carbohydrate may be recognized by carbohydrate binding proteins,, such as lectins or 
35 carbohydrate binding enzymes such as glycosidases, glycosyltxansferaises.or 

transglycbsylating enzymes or antibodies. Alternatively two pligosaccharide sequences can 
recognize each other by carbohydrate-^carbohydrate interactions. 
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General prevention of pathogens by group of defined general receptors and especially 
using combinations of pathoge n inhibiti ng oligosaccharide sequences 
The present invention solves the problems of the inefScacy in therapeutical use of 
oligosaccharides. The invention demonstrates a simultaneous use of several binding 
5 specificities presented by common pathogens. The invention is preferably targeted to use 
at least two different pathogen inhibiting oligosaccharide sequences, more preferably at 
least three different pathogen binding oligosaccharide sequences for treatment of 
conditions due to the presence of a pathogen. In a preferred embodiment four or more 
different oligosaccharide sequences are used. The present invention is specifically directed 
10 to the treatment of infection by a pathogen or a pathogen cell having several binding 

carbohydrate specificities. The carbohydrate binding specificities according to the present 
invention can be inhibited by monovalent or polyvalent carbohydrates. Preferentially, the 
pathogen causing the infection has at least three different inhibitable carbohydrate binding 
specificities and more preferably at least four inhibitable carbohydrate binding specificities 
15 which are inhibited according to the invention. The present invention is especially directed 
to the treatment of relevant infections when receptor oligosaccharides are present on the 
target tissue of pathojgenesis. The preferred use of two or more oligosaccharide sequences 
is based on the relevance of the compositions used, feasibility of the compositions for 
inhibition and special synergistic effects of the compositions against one or several 
20 pathogens... 

The present invention is especially directed to the treatment of diarrheas caused by E. colt 
. The invention shows, useful combinations of receptor-active oligosaccharide sequences for 
treatment of infections caused by diatrheagenic EJcoli bacteria, especially Escherichia coli 
25 -species including EPEC (enteropathogenic Escherichia coli ), ETEC (enterotoxigenic 
Escherichia coli% EHEC (raterohemoahagic i&cfo 

(enteroaggregatiye Escherichia coli) and EIEC (enteroinvasive Escherichia coli). The 
present invention shows a large variety of E. coli bacterial strains and demonstrates a . 
group of eight receptor activities which are common to all diarrhea causing E. coli 
30 bacteria. The prior art is directed to a limited number of receptor sequences and limited 
number of strains of specific pathogens such as EPEC or ETEC and contains conflicting 
data about the specificities. The differences between the E.cdli strains do not allow any 
generalization concerning the binding specificities of different types or strains of the 
V ' : bacteria. The relevance of the binding specificities to larger groups of strains or the major 
,- ,u\* 35 types of E. coli can only be assessed by studying numerous strains as shown by the present 
, , - , invention. Precise knowledge of the binding specificities common to the major pathogens 
# > and pathogen types causing diarrheas allows rational design of effective theraphies. 
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The present invention provides a new general treatment for diarrhea. According to the 
invention, the treated diarrhea is caused by E. coli, i.e. the infection is caused by the major 
diarrheagenic (or diarrhea causing) Escherichia coli bacteria, especially the subgroups 
including EPEC (enteropathogenic Escherichia coli ), ETEC (enterotoxigenic Escherichia 
coli ), EHEC (enterohemorrhagic Escherichia coli), EAEC (enteroaggregative 
Escherichia coli) and EEC (enteroinvasive Escherichia coli). The five subgroups cover 
the majority of all clinically relevant diarrheas caused by diarrheagenic E.colt The prior 
art does not describe carbohydrate based theraphies for the five major types of the 
diarrheas caused by E. coli. The general treatment for these are especially useful because 
Of the resistance problems developing, when traditional antibiotics are used. The 
carbohydrate based antiadhesion theraphies are not likely to have the same problems due 
to limited amounts of possible receptors in gastrointestinal system The general broad- 
spectrum diarrhea theraphy of the invention is also useful when the pathogen causing 
patient's diarrhea is not diagnosed. 

According to the present invention several receptor. oligosaccharide sequences are common 
to diarrhea causing E.coli- bacteria. These receptors are useful.for diagnostics of diarrheas 
or for ireatment.of diarrheas due to a diarrheagenic E.coli.lhe invention describes for the 
first time general effective theraphies against all major types of diarrhea causing E. coli 
bacteria. The present invention is especially directed to the use of at least two or several of 
the receptor Oligosaccharides sequences to be ^med against diarrheagenic £. co/i. 
Moreover, the present invention is directed to.the use of specific combinations of the 
receptor active oligosaccharide sequences for diagnosis of diarrheagenic E. coli or for 
prevention or treatment of infections caused by ithe diarrheagenic ^.co/i. 

The present mvention is also directed to ^ . 
patient is infected by a bacterium resistant to traditional antibiotics. Tne present invention 
is further directed to me use of me receptor oligosaccharide ! sequences according to the 
present invention in connection with traditional antibiotics to improve the therapheutic 
effects thereof. 

This design can be used together with analysis of specific pathogen strains with regard to 
toe eight receptor binding specificities 1 or preferred specific subgroups thereof as described 
by the present invention. 

The present invention is also directed to.general theraphies against diarrhea causing types 
of E.coli. Previuos inventions or studies are directed only to single types of diarrhea 
causing E.coli bacteria. When many strains of the different types of pathogens were 



12 

studied, the eight binding specificities were for the first time shown to be common to all 
the major types of diarrhea causing E.coli such as EPEC (enteropathogenic Escherichia 
coli ), ETEC (enterotoxigenic Escherichia coli) 9 EHEC (enterohemorrhagic Escherichia 
coli), EAEC (enteroaggregative Escherichia coli) and EIEC (enterqinvasive Escherichia 
5 coli). The present invention is directed to the use of a single component of the eight 

receptor binding specificities against at least three of the types of the E. coli bacteria, more 
preferentially against at least against four of the E. coli types and most preferentially 
against all five of the E. coli types. Similarly, the present invention is directed to the use of 
combinations of the eight receptor binding specificities against at least three and more 
1 0 preferentially against all the major types of E. coli causing diarrheas. 

The present invention is also directed to specific combinations of the binding specificities 
which are especially useful for the prevention of an infection. The combinations are based 
on , ' 
15 - the knowledge of the properties of oligosaccharide sequences as bacterial inhibitors 

- the knowledge of the presence of relevant receptor structures in intestinal epithelium . 

- the knowledge of the different receptor levels in the infection cascade 

- the knowledge of the receptors specifically useful against pathogens to avoid normal 
flora interactions 

20 - the design of special low cost inhibitors for the binding specificities 

- the design of specific receptor combinations for local infections when specific strains 
have binding activity to a subgroup of the binding specificities 

. The present invention is alsb : targeted to the therapy of iihportant but less studied E. coli 
25 types or species causing (fiarrheas. The invention is specifically directed to the treatment of 
infections caused by EAEC (enteroaggregative Escherichia. coli). The. invention is also 
directed to the treatment of diaffheas pa^ (enteroinvasiye Escherichia^ coli); 

3liese : infectip^^M dianiieas; espepiafly in children in developing couiitries and novel 
theraphies to. treat these are of importance.- 



. 30 
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The group of eight binding specificities described contain novel receptors for the less 
studied E: coli types and species. The present invention is directed to the use of these 
receptors alone and as a part of compositions against the specific types of E. coli. In a 
preferred embodiments at least two or at least three oligosaccharide receptor types are used 
35 against the EAEC and/or EIEC. The present invention is also directed to the use of specific, 
combinations of the receptor oligosaccharide species according to the present invention 
against EAEC and/or EIEC. 



• • • 
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The present invention is also targeted to novel therapheutic oligosaccharides and 
oligosaccharide combinations against EXEC 

The present invention is also targeted to novel therapheutic oligosaccharides and 
5 oligosaccharide combinations against EPEC. 

The present invention is also targeted to novel therapheutic oligosaccharides and 
oligosaccharide combinations against EHEC. 

10 Preferred diarrhea-diseases to be treated according to the present invention include for 
example watery diarrheas, bloody diarrheas and severe diarrheas. The specific indications 
further includes traveller's diarrhea, children's diarrheas especially in developing countries 
and severe diarrhea related diseases including hemorrhagic diarrhea, haemolytic uremic 
syndrome (HUS), especially when caused by EHEC. The present invention is also directed 
15 to the treatment of persistent diarrheas, especially when caused by EAEC. The persistent . 
diarrheas specifically means diarrheas lasting 14 days or longer. The present invention is 
also directed to shigellosis like diarrheas, especially when caused by EEBC. The shigellosis 
type diarrheas resemble very closely diseases caused by Shigella spp. (and pathogens 
causing them resemble very closely Shigella spp.) including watery and bloody diarrheas^ 
20 It may be difficult or impossible to differentiate shigellosis and EEBC infections. The 

traveller's diarrhea is a common infection especially for persons travelling in developing 
couritries and it is caused by several types of E. coli, especially ETECs. 

In developing countries hundreds of millions of children get infected by diarrhea causing 
25 E. coli. The children diarrheas of developing countries are specifically caused by multiple 
. types of E. coli including EPEC (enteropathogenic Escherichia. coli ETEC 
(enterotoxigenic Escherichia co/z% EHEC (enterohe^ 

(enteroaggregative Escherichia coli) and EEBC (enteroihvasive Escherichia coli). There is; 
curreiitly no general specific treatments for the diarrheas. Increasing resistance to 
30 traditional antibiotics is an increasing problem.The present invention is especially directed 
for the. treatments and.analysis of children's diarrheas in developing countries. For 
treatment of children's diarrheas in developing countries, the therapheutical compositions 
. and substances may be included in hydration solutions, (for example comprising salt and 
sucrose) used for treatments of diarrheas. The therapheutical compositions may alsq.be 
: 35 used together with charcoal tablets or mixed in the charcoal tablets. The compositions and 
substances according to the invention can beused in combination of traditional theraphies 
of infections, especially treatments of gastrointestinal infections such as diarrheas caused . 
by is. coli. 
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The preferred oligosaccharide sequences 

The inventors characterized eight different binding specificities to a large number of 
diarrhea causing K coli bacteria and several corresponding receptors in human intestinal. 
5 tissues. The oligosaccharide sequences include one or several of the receptor 
oligosaccharide sequences selected from the following groups: 

Eight separate receptor oligosaccharide sequences of intestinal pathogens: 

10 a) Lactosylceramide receptors: for example binding to lactosylceramide and 

isoglobotriaosylceramide when the ceramides comprise hydroxylfatty acids, 
b) Ganglio-receptors: for example binding to gangliotriaosylceramide and 

gangliotetraosylceramide. 
q) Gala4Gal-receptors: for example binding to galabiaosylceramide, 
15 globotriabsylceramide, globotetraosylceramide and the Forssman 

glycosphingolipid. 

d) Lacto-Teceptors: for example binding to lactptetraosylcefamide. ■ 

e) Neolacto-receptors: for example binding to neolactotetraosylceratnide, 
neolactohexaosylceramide, NeuGcoc3-neplactohexaosylceramide and 

20 oligosaccharide sequences comprising GlcNAcp3Gal, especially :. 

GlcNAcP3Galp4GlcNAc. 

f) Fucbsyl-receptors: for example binding to the Le a -5 glycosphingolipid. 
h) Sialic acid-receptors: for example binding to various dligosaccharide sequences. 

with different sialic acid, especially N-acetylneuraminic acidNeuAca- and/or N- 
25 glycolylneuraininic acid^IeuGca^ 

g) Maiihose receptors: represented by the Man<x3(Mana6)Man-hebglycoKpi(i 

Preferred oligosaccharide sequences among the receptor groups \ 
The present invention is preferentially directed to the use of a free oligosaccharide or 
/ * . 30 derivatives thereof which are not glycolipids except for the hydroxylfatty acid comprising 
lactosylceramide glycolipids as described below; In general the glycolipids may diffuse to . 
\ • tissues and actually increase pathogen binding and the formulations to prevent this are 

considered difficult to produce. The hydroxyl group in the ceramides of the 
• lactosylceramide glycolipids according to the present invention allows stronger contact 
2 35 between the glycolipids which Would more effectively keep these together for example in 
membrane-like formulations and avoid diffusion to intestinal epithelium. The preferred 
pcrfyvalent conjugates described by the invention are not nebglycoproteins such as albumin 
conjugates which are potent immunogens and can be used in causing immune responses. 



• ♦ 
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The polyvalent conjugates according to the present invention are preferably non- 
immunogenic and preferably do not contain immunogenic protein or peptide parts. 

Lactosvlceramide receptors 
5 The lactosylceramide receptors of the diarrhea causing E. coli depends on the presence of 
hydroxyl fatty acid on the ceramide. The present invention is directed to the use of 
lactosylceramides comprising hydroxy fatty acids against E. coli infectibns. The 
lactosylceramide receptors according to the present invention means a lactose residue 
comprising molecule in which lactosyl residue is linked to a ceramide structure comprising 

10 a natural type of hydroxylfatty acid or alternatively lactosylceramide receptor means 

mimetic structure of lactosylceramide in which the lactosyl residue is linked to a hydroxyl 
group comprising a ceramide-mimicking structure. The hydroxyl group of the hydroxyl 
fatty acid or ceramide mimicking structure preferentially forms a hydrogen bond with Glc- 
residues linked to ceramide or ceramide-mimicking structure. The lactosylceramide or . 

15 mimetic structure can be substituted at position 3 or 4 of the Gal residue by natural type 
oligosaccharide sequences. The lactosylceramide receptor glycolipids also includes lacto- 
and neoiactoseries glycolipids comprising a hydroxyl fatty acid. In other embodiments the 
present invention is also directed to the use of globo- and gajiglioseries glycolipids 
comprising a lactosyl residue and a hydroxylfatty acid: The present invention is also 

20 . directed to the use of analogs of lacto- or neoiactoseries oligosaccharide sequences linked 
to the hydroxyl gfoup comprising ceramide-mimicking structure. The present invention is 
also directed to the use of analogs of globo- or ganglioseries oligosaccharide sequences . 
linked to the hydroxyl group comprising ceramide-mimickihg structure. In a preferred 
embodiment the invention is directed to the use of non-sialylated forms of 

25 lactosylceramide receptors according to the present invention. The preferred embodirnente 
include molecules according to the following formula 

RixGalp4GlcpR 2 • : (I) 

30 wherein x is linkage position 3 or 4, 

R2 is ceramide comprising a hydroxyl fatty acid pr an analog of a ceramide comprising a 
hydroxyl fatty acid and 

Ri is Gala, Gal|3, GalNAcP, GlcNAcp or longer oligosaccharide comprising one of these 
residues at the reducing end or NeuSXa with the proviso that when R 2 is GlcNAcp or 
: 35 Neu5Xa then x is 3 and Neu5X is sialic acid preferably Neu5Ac or NeuSGc. 

! m The present invention is directed to substances and compositions comprising poljrvalent 
conjugates of lactosylceramide receptor and especially polyvalent conjugates of a mimetic 




structure of lactosylceramide according to the present invention. Especially polyvalent 
conjugates of mimetic structures of lactosylceramide are preferred when the 
lactosylceramide or mimetic structure of lactosylceramide is linked to a polysaccharide, 
optionally through a spacer group. In a specific embodiment the use of polyvalent 
conjugates are preferred over the use of lactosylceramide glycolipids. Use of glycolipids is 
more difficult as there is need to prevent the diflusion of the receptors to tissues. The 
prevention can be, however, achieved for example by incorporating the glycolipids in 
medical carbpn matrix or in a stabile membrane or micellar structures. 

It is realized that two or even three or more receptor binding specificities according to the 
invention can be presented by a : single lactosylceramide receptor. 

The present invention is also directed to the use of lactosylceramide comprising 
hydipxylfatty. acids and analogs and derivatives thereof for theraphy of gastrointestinal 
diseases, especially diarrheas and more specifically dianheas caused by E. coli bacteria. In 
preferred embodiments the infection is caused by ETEC, EPEC, EHEC, EIEC, or EAEC, 
more preferentially by EHEC, EIEC or EAEC. In a preferred embodiment the present 
invention is directed to the use of a milk fraction comprising lactosylceramide comprising 
a hydroxylfatty acid. The milk is preferentially from a dairy animal such as a cow or any 
other dairy animal or milk producing animal which produces hydroxyl fatty acid- 
containing lactosylceramide. The prior art discussed above has been directed to the use of 
some milk glycolipids but the prior art does not realize the usefulness of the hydroxylfatty 
acid-contairiing glycolipids against diarrhea-causing J& coli bacteria. The lactosylceramide 
receptors according to the present invention are especially useful for functional, food or 
feeds as nutritional additives. 

Ganglio-receptors 

Preferred gang|ioseries receptor comprises oligosaccharide sequences according to the . 
Formula, . 

[Gaip3] n iGaI^ / . (n) 

wherein nl, n2 and n3. are independently integers 0 or 1, preferably with the proviso that at 
least nl or n3 is l and with the proviso that no sialic acids are linked to the oligosaccharide 
sequence. 

The preferred oligosaccharide sequences are Gaip3GialNAc04Galp4Glc, 
Galp3GalNAcp4Gal, Gaip3GaiNApi GalNAcfMGal and GalNAcp4Gaip4Glc. Even GM1 



oligosaccharide sequence can be used according to the present invention in novel 
combination theraphies but it is less preferred due to complexity of the structure. 
The screening of wide variety of ganglioseries and comparison of the structures in 
examples of the present invention allows the determination of Galp3GalNAc as a novel 
5 preferred novel receptor oligosaccharide sequences of the ganglioseries receptor 

oligosaccharide sequences. The data indicates that even terminal Galp3GalNAc in GM1- 
sequence can bind to diarrhea causing E. colt The binding to the terminal disaccharide has 
previously not been demonstrated and the tetrasaccharide epitopes may be used in 
formulations which allows more effective presentation of the terminal disaccharide. 

10 According to one embodiment of the invention, the Gaip3GalNAc is preferably not p4 
linked to lactose. The disaccharide epitope is in general cheaper to produce than the 
tetrasacharide epitope. More preferably the oligosaccharide sequence is Galp3GalNAcp 
with proviso that the disaccharide epitope is not linked to lactose or Galp3GalNAcp4Gal, 
with proviso that the reducing end Gal is not linked to glucose. 

15 \ 

The novel ganglio receptors comprise the terminal disaccharide Galp3GaINAc iwith the 
proviso that the disaccharide is not p4 linked to lactose. The disaccharide epitope is, in 
general, cheaper to produce than the tetrasacharide epitope. More preferably, the 
oligosaccharide sequence is Galp3GalNAcp with the proviso that the disaccharide epitope 
20 is not linked to iactose or Gaip3GalNAcP4Gal, with the proviso that the redu^ 

is not linked to glucose. The terminal disaccharide and trisaccharide sequences have.not 
been previously described as receptors for diarrhea causing E. coli bacteria nor as receptors 
for EPEC-bacteri 

tetrasaccharide receptors because of the more cost-effective synthesis. . . 

• Gala4Gal- receptors . 

Preferred epitopes of the invention are Galct4Gal, dala4Gaip4Gb and; 
Galcx4Galp4GicNAc. The present invention also shows that 3 '-^bsti^ 
Gala4Gal-sequences such as the globoside and fdrssmari antigen can be commonly 

^ • • • * • 

••••• 30 recognized. Preferred Gala4Gal receptors comprise one or several oligosaccharide 
sequences according to the Formula 

* » • • 

[GalNAcp3ViGala4Gal{p4Glc(NAc) tl 2}^ (IQ) 

• • • " * * "*'".• 

iij i . 35 wherein nl, n2, and n3 are independently integers 0 or .1, in a preferred embodiment with 

the proviso that either nl is 1 or n3 is 1 and the GalNAc residue is optionally further 
/ • # substituted by other monosaccharide or oligosaccharide residues, preferably similar to 

natural oligosaccharide sequences such as Forssmah antigen. More preferred 

• • • 
• 




oligosaccaharide receptors are Gala4Gal, Gala4Gaip4Glc and Gala4Gaip4GlcNAc as 
these are synthetically more simple to produce, disaccharide Gala4Gal and pectin based 
oligosaccharide sequences according to the invention or other similar natural 
oligosaccharide sequences such as oligosaccharide sequence present in okra plant are 
especially preferred. 

Lacto-receptors 

Preferred lacto series receptors comprise one or several oligosaccharide sequences 
according to the Formula 

GalpSGlcNAcipSGaU^GlcCNAc)^}^ (IV) 

wherein hi , n2, and n3 are independently integers 0 or 1 . In preferred embodiments at 
least j& is 1. Most preferred oligosaccharide sequences referred here as high affinity 
receptors includes oligosaccharide sequences Galp3GlcNAcp3Gal, 
Galp3GlcNAcp3Galp4Glc; Galp3GlcNAcp3Galp4GlcNAc and 
Galp3GlcNAcp3Galp3GlcNAc. The use of lactotetraose Gaip3GlcNAcp3Galp4Glc, 
optionally with other milk oligosaccharide such as Galp4(jlcNAcp3Gaip4Glc and/or 
Gaip3(Fuca4)GlcNAcp3Gaip4Glc and/or GlcNAcP3Galp4GlcNAcp3Gaip4Glc, is. 
especially preferred for therapheutical uses and especially for food, feed, and other 
nutritional uses. 

Neolactb-receptorS ■ 

Preferred neolacto series receptors comprise one or several oligosaccharide sequences 
according to the Formula 

[GlcNAcp3^ 00 

wherein nl, n2, n3 arid n4 are independently integers 0 or 1, when nl is 1, the hdn- 
. reducing terminal GlcNAc according to the formula can be further substituted by another 
monosaccharide residue or oligosaccharide residues, preferably by Galp4 or 
GlcNAcp3Gal|34.. In preferred eiribodiments of the invention at least n4 is 1 or nl is 1. 
Most preferred oligosaccharide sequences referred here as high affinity receptors include 
oligosaccharide sequences GlcNAcp3Gaip4GlcNAc, Galp4GlcNAcp3Gal, , 
Gaip4G|icNAcp3Galp4Glc, Gaip4GlcNAcp3Gaip4GlcNAc, 

GlcNAcp3Gaip4GlcNAcP3Gal^Glc, andGlcNAcp3Galp4GlcNAcp3Galp4GlcNAc. 
preferred GlcNAcp3Gaip4GlcNAc>isthxctures include oligosaccharide sequences, which 
are p6-linked from the reducing end, especially GlcNAcp3Galp4GlcNAcp6Gal, 
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GlcNAcp3Galp4GlcNAcp6GalNAc,GlcNAcp3Galp4GlcNAcp6GlcNAc, 
GlcNAcp3Galp4GlcNAcp6Glc and GlcNAcp3Galp4GlcNAcp6Man. The use of 
neolactotetraose Gaip4GlcNAcp3Galp4Glc is especially preferred for therapheutical uses 
and especially for food, feed, and other nutritional uses. 

5 

A preferred embodiment of the invention is directed to uses of neolacto binding sequences 
comprising terminal-GlcNAc structures such as GlcNAcp3Galp4GlcNAc and 
GlcNAcp3Galp4GlcNAcP3Galp4Glc. It is realized that even the terminal disaccharide 
sequence GicNAcp3Gal can be used according to the invention, though with less activity. 

10 It is also found for the first time that linear p3-linked poly-N-acetyUactoasmines, 
Gaip4GlcNAc[p3Galp4GlcNAc] n p3Galp4Glc wheire in n is integer and n>=l, are 
receptors for diarrhea causing 'Rcoli strains, the terminal Gal can be substituted by other 
monosaccharide residues, for example Neu5X<x3 or GlcNA<?p3. Preferred monovalent 
inhibitors comprises GlcNAcj33Gaip4GlcNAcp3Gaip4Glc, which has been reported from 

15 inilk of buffalo, the conun^^^ 

. mixtures comprising GlcNAcP3Gaip4GlcNAcp3Gaip4Glc and 
. Gaip4GlcNAcp3Gaip4Glc. 

Fucosvl-receptors 

20 Preferred fucosyl receptors comprise one or several oligosaccharide sequences according 
to the Formula 

. Gaip3(Fuca4)GicNAc[p3Gal{p4Glc(NA (VT) 

• 25 wherein ni, n2, and n3 are independently integers 0 or 1 . In preferred embodiments at 
. least i£ is L More prefenre^ 

Qaip3(?uca4)GlcNAcp3Gal, Galp^ 
. Cteip3(Fu$^ 
I Galp3(Fuca4)^ 

\ 30 especially for food, feed, and other nutritional uses.. 
. . Sialic acid receptor 

* : In the broadest sense the sialic acid receptor may be any sialic acid in natural type 

glycoconjugates. The sialic acid is preferably Nrglycplyl-neuraminic acid or N-acetyl- 
# :35 neuraminic acid. 

.**'*• * 
> • . • . *••... ... 

The present invention recognizes specific sialic acid which can bind effectively to the 

*\ . . diarrhea causing pathogens, especially diarrhea causing E. coli bacteria. 



The preferred sialic acid receptor oligosaccharide sequences are according to the Formula 
NeuSXapGaiprfCFucasyiniGlcOSTAc)^ (VH) 

5 

wherein independently X is either Ac or Gc meaning that the sialic acic is either Neu5 Ac 
or Neu5Gc, nl and n2 are either 0 or 1, p is linkage position 3 or 6, 
r and s are linkage positions 3 or 4 with provision that when r is 3 then s is 4 and when r is 
4 then s=3. More preferred oligosaccharide sequences includes one or several of the group: 
10 Neu5Xa3Gaip3(Fuca4)GlcNAc, and Neu5Xa3Galp4(Fuca3)GlcNAc, 

Neu5Xa3Galp4(Fuca3)Gte^ . 
Neu5Xa3Gaip4Glc, and Neu5Xct6Gaip4GlcNAc, Neu5Xa6Gaip4Glc wherein X is either 
Ac or Gc. The use of one or several of the milk type oligosaccharides suchi as 
Neu$Xa3Gaip3GlcNAcp3Gaip4Glc, Neu5Xa3Gaip4GlcNAcp3Galp4Glc, sialyl-Lewis a 
15 hexasaccharide Neu5Xa3Galp3(Fuca4)GicNAcp3Galp4Glc or sialyl-Lewis x 
hexiasaccharide Neu5Xa3Gaip4(Fuco3)GlcNAcP3Galp4Glc or sialyl-la"ctoses 
Neu5Xo3G^lp4(Fuca3)Glc, tteu5Xa3Galp4Glc Neu5Xa6GaI04Glc is especially 
preferred for therapheutical uses and especially for food, feed, and other nutritional uses. 
When the oligosaccharide sequences are used in human applications, it is preferred in a 
20 specific, embodiment of the invention to use a natural human type of oligosaccharides 
wherein X is Ac and NeuSX is therefore NeuSAc. In another embodiment aiming for 
inhibition of human-animal cross-reactive strains with higher efficacy.X is Gc and the 
sialic acid is NeuGc. \ 

25 In a separate embodiment the present invention is directed compositions comprising 
. polysiahc kpid type : sequences, preferably comprising oHgosaccharide se 
Neu5NAcd8NeuNAc, called here polysialic acid compositions. The polysialic acid 
sequences in ptilysisUq 

oligosaccharide sequence Neu5NAca9NeuNAc.;fteferably^ the polysialic acid sequence is 
. 30 . not present oii a glycolipid type sequence. In another preferred embodiments the polysialic . 
acid, substance comprising the oligosaccharide sequences Neu5NAca8NeuNAc and/or 
► . Neu5NAca9NeuNAc also fulfil following criteria: 

1 . at least 95 % of sialic aicid oligosaccharides are at least ten sialic acid residues 
long or 

s .:! s 35 2: at least 95 % of sialic acid oligosaccharide are at least three sialic acid 

:** # : residues long or 

mm* ' " .*. - * 

•V 3 . at least 95 % of sialic, acid oligosaccharides are less than ten sialic acid 

I \ : residues long and more preferably an oligosaccharide. composition comprising 
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at least 95 % of sialic acid oligosaccharides which are less than five sialic 
acid residues long or 
4. at least 80 % of sialic acid oligosaccharides are at least two sialic acid 
residues long but less than less than six sialic acid residues long 

Polysialic acid polysaccharide or oligosaccharides/precursors for oligosaccharide 
production can be produced by bacteria, for example by colomnic acid producing E. coli. 
The polysialic acid type oligosaccharide substances comprise Neu5NAca8NeuNAc and/or 
Neu5NAca9NeuNAc oligosaccharide sequences, preferably the polysialic acid-type 
oligosaccharide sequences comprises therapheutic oligosaccharides comprising 
Neu5NAcot8NeuNAc and/or Neu5NAca9NeuNAc oligosaccharide sequences. The 
polysialic acid-type oligosaccharide substances comprise preferably two to ten sialic acid 
residues. 

The present invention is also directed to polysialic acid-type oligosacharide substances or 
polysialic acid compositions for therapheutic uses or for use as medicine. The substances 
and compositions are especially directed for non-vaccine theraphautic uses and medicines. 
The present invention is also directed for use polysialic acid-type oligosacharide 
substances for preparation of medicines and therapheutic compositions against diarrheas 
and compositions for ex v/vanses as described by the present invention. 

Manndse receptor • 

The mannose receptor according to the present invention comprises ManaMan structures. 
The preferred mannose receptor oligosaccharide sequences are according to the 
Formula. 

Manap[(Manar)]niMan . . (VIE) 

wherein independently n is 0 or 1 , p and r are linkage positions 3 or 6 between the Man 
residues, with proviso that When p is 3 then r is 6 and when p is 6 then r is -3. Preferred 
mannose receptor oligosaccharide sequences includes the structures: Mana3(Mana6)Man 
and Mana3Man. In a specific embodiment the oligosaccharide sequence is 
Mahcc3MaiiP4GlcNAc pr Mana3Manp4GlcNAc^GlcNAc. In a preferred embodiment 
the reducing end residue of Mana3(Mana(5)]Man is in open chain form, in reduced form 
or derivatized in open Chain form, for example reductively aminated to a spacer of carrier. 
In a preferred embodiment mannose comprising mannah or phoshomannan. oligosaccharide 
sequence is used. The mannan or phoshomannan comprises preferentially a-linked 
mannose. The mannan or phosphomannan is preferably from non-harmful yeast such as 
baker's yeast (£ cereyisiae). 
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Use of partial oligosaccharide sequences 

In a separate embodiment one or several of the oligosaccharide sequences according to the 
present invention is/are replaced by a partial oligosaccharide sequences. The partial 
5 oligosaccharide sequence is in general less effective but can be used in higher 

concentrations. .The partial oligosaccharide sequences are preferentially monosaccharides 
and more preferentially non-reducing pyranose formed monosaccharide residues having 
the same anomeric sructure as a terminal monosaccharide residue in a oligosaccharide 
sequence according to the present invention, more preferably the non-reducing pyranose 

10 formed monosaccharide residue is linked to a polyhydroxyl substance partially mimicking 
next monosaccharide of the corresponding oligosaccharide sequence. In a preferred 
embodiment the polyhydroxyl susbtance is a non-carbphyidrate substance and most 
preferreably the polyhydroxyl substance is a flexible hydrophilic linker described by 
Formula 2 in this invention* Preferred partial oligosaccharide sequences includes 

15 polyvalent conjugates and soluble polyvalent conjugates of the partial oligosaccharide 
sequences as described for the other receptor oligosaccharide sequences. 

The partial oligosaccharide sequence is preferentially Mana, and more preferentially non- 
reducing pyranose formed Mana linked to a polyhydroxyl substance partially mimicking , 
20 next monosaccharide of the corresponding oligosaccharide sequence. In another 

embodiment the partial oligosaccharide sequences is chosen from the group NeuNAca, 
Gaip, Gala, Fuca, GicNAcp and terminal qUgosaccharide sequence Fuca4GlcNAc 
optionally linked to a polyhydroxyl substance partidly numicking next monosaccharide of 
# the corresponding oligosaccharide sequence. The partial oligosacharide sequences are . 

•5 • 25 preferably used together with low cost oligosaccharide sequences! Preferably one partial 
. V oligosaccharide sequence in pyranose form is used together with at least one, and 

preferably with Iwq pUgosacchm^ 

. oligosaccharide sequences, according to the present invention. In another embodiment at 
. . least two partial oligosaccharide sequences are liseld with at least one oligosaccharide.. 
"30 sequence according to the present invention. The partial oligosaccharide sequences are 
preferred for therapheutic uses according to the present invention, especially for feed and 
food uses. 
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Defining iriost relevant carbohydrate binding Specificities with regard to the natural 
35 . infection cascade 

. As described below any carbohydrate specificity or specificities present on a pathogen cell 
surface can be used to inhibit the binding of a pathogen, for example by soluble polyvalent 
. carbohydrates using the covering method as described by the present invention. 
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However, it is especially preferred to target such carbohydrate binding specificities which 
are directed to relevant receptors on the tissue which is infected. This is a preferred method 
when monovalent substances according to the invention are used. When soluble polyvalent 
conjugates are used for inhibition of a pathogen cell, and the most relevant carbohydrate 
5 specificities are used the polyvalent or even oligovalent conjugate need not be large like 
the conjugates which are used for achieving the sterical inhibition of other receptor 
interactions according to the invention. The present invention demonstrates several novel 
carbohydrate receptor structures on glycoproteins of human intestine and connect these to 
the binding specificitities shown by assays. In some cases the binding specificity of a 
1 0 certain intestinally pathogenic E. coli has been described but only the present invention 
shows its relevance to the infeption by characterizing the natural receptor saccharides in 
human intestine. In a few cases combination of receptor structures and possible binding 
have been separately indicated to a certain extent However, in these cases the 
chai^cterization of potential receptors and bindinjg specificities allow design of more 
15 effective receptor oligosaccharide. sequences. 

Most relevant carbohydrate bindingspecificities of human intestine 
Analysis of glycoproteins from human intestine revealed unexpectedly several interesting 
carbohydrate receptor structures. Combination of bacterial binding data and the presence 
.20 of receptor allows defining of the biologically most usefUltherapheutic and diagnostic 
structures. The six binding specificities under this category also aim to use receptor 
specificities which are not so common in the normal useful bacterial flora. : . 

Mannose comprising N-glvcans 
25 Extraordinary structures such as N-glycan type stractures compirising seyend mann 

and phosphate were characterized from glycoprotein samples of human gastrointestinal 
tract Multi-mannose comprising N : glycans have not been characterized from hurnan 
. .' intestine. Presence of a phosphate residue 
>J have been reported to bind certain 

30 structures have not been characterized to be present in human ihtestine : nor as natural 
receptors in human intestinal tissues. The present data sho wis that a branched multi- 
• 9 • mannose structure is a binding receptor fpr diarrhea causing E.coli bacteria: Previous data 

!./ also indicates that certain bacteria such as Escherichia coli or Salmonella typhimurium can 

bind niulti-mannose containing N-glycans. TCe preseiit data concerning the presence 
Z m U 35 mannose N-glycans in the intestine reveal the relevance of maimose binding to the 
t ** i .pathogenesis. . Substances inhibiting this binding,. such as mannose or mannose analogues - 
/ . # comprising carbohydrate oligomers or polyvalent carbohydrate conjugates, are especially 
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effective because they can inhibit the relevant carbohydrate binding between the bacterium 
and human. 

It is also realized that the novel mwti-mannose receptors, especially phosphorylated multi- 
mannose receptors, can be used in analysis of pathogen binding to the receptor. 

In a specific embodiment it is also realized that the multi-mannose receptors, especially 
phosphorylated multi-mannose receptors, can be used as receptors or substrates for 
probiotic bacteria, which adhere and bind or is able to degradate the receptor structure. 

In a specific embodiment it is also realized that the multi-mannose receptors, especially 
phosphorylated multi-mannose receptors, can be used for diagnostic or analytical methods 
to analyze the bindings of intestinal palhogens to the receptor, structure and smaller 
derivatives or anlogues thereof. 



Sialic acid comprising recep tors and sialic acid binding specificities 
Potential sialic acid comprising structures . have not been characterized from human 
intestinal glycoproteins. The present invention shows several new sialylated structures and 
binding of diarrhea-causing E. coii to these structures. The sialic acid binding specificity of 
20 any diairhea-causing E, coli has not been characterized in detail. The minor reports with 
only a few stnuns do not reveal the major sialic acid binding specificities according to the 
present invention and these specificities have not been connected with the receptor , 
•structures'..;. 

25 The present invention surprisirigly shows that even N-glycolyl-neuraminic acid,, hot 

synthesized by human body, in various ohgosaccharide chains, can be effectively bound by 

derived from fooi can be preseriVon h 

eat animal based 'foods; me NeuGc bmdmg is useful for me ^ . 
30 binding or can be used a^ a polyvalent conjugate for sterical inhibitibn of other bindings as 
described by the present invention.. 

Surprisingly it. could be shown that the sialic acid dependent bmcting specificity could be 
effectively inhibited by monovalent sialyl-lactose oUgosaccharide. 

35 "• ■ ' '• ' a 

• Present invention was able to demonstrate the presence of protein linked sialylated first 

■ contact receptors in human gastrointestinal tract. The data show that the sialic acid- 



25 

receptors are present and ayailable for pathogen binding, showing the relevance of the 
receptors for pathogenesis, especially with regard to diarrhea causing E. coli infections. 

Gala4Gal- receptors of diarrhea causing E. coli. 
5 This binding specificity has not been characterized for diarrhea-causing E. coli bacteria: 
Use of this oligosaccharide sequence has been known alone or as polyvalent non-soluble 
conjugates for prevention shigaJike toxins of EHEC. The failure of the approach depends 
probably on the failure to effectively inhibit the bindings of the EHEC. The non-soluble 
carrier does not allow the polyvalent inhibition as described by the present invention using 
10 the soluble polyvalent conjugates. 

The difference in ghiga-like toxin binding to adhesion is also shown by the ability of , 
monovalent structures to inhibit and by the fine specificity of the binding. Preferred 
epitopes for shiga-like toxin inhibition are trisaccharides Gala4Gal(J4Glc and 

1 5 Gala4Galp4GlcNAc. According to the present invention the adhesin of diarrhea-causing . 
K coli also recognizes the disaccharide Gala4Gal, as this sequence can be produced more 
economically from natural polysaccharides than the trisaccharides. The present invention 
also shows that 3 '-substituted forms of Gala4Gai such as the globoside and Forssman 
antigen can be commonly recognized by the adhesin while the recognition properties 

20 towards substituted Gala4Gal vary With toxins. The adhesin can be switched-on and ... 
switched-off in a bacterium. 

In contrast to prior art with toxins the present invention shows effective inhibition of the 
. Gaia4Gal- binding by monovalent oligosaccharides. Inhibition of shigarlike toxin binding 

• . : : 25 has been specifically reported not to be inhabitable monovalent Gala4GaL The prior art 

does not describe the inhibition of one or several binding activities of EHECs together with 
the use of G^(x4Gal.The present invention, also shows that several binding specificities are 

..... also;invoived with EHEC infectioiis: The prior art has not described thje'use of said 5 

sequence for treatment of other 'diarrheal diseases caused by other diarrhea causing E.coli 
30 bacteria. The-roies of toxins, of which shiga-like toxins are only one class, vary iii 

carbohydrate recognition specificities and infections caused by different type* of E.coli . . 
. . such as EPEC* EXEC, etc. 



The relevance of the epitope to natural infection is somewhat controversial, but the 
\i 35 receptor may be present in the intestine or on the intestinal epithelium. The present. 
# ": inventionis directed to the 'search of the epitope from intestinal proteins to confirm the 

relevance to the natural infections. Even if Only small amounts of natural receptors would 
I**'. be present, the Gala4Gal-structures can be used as soluble polyvalent conjugates. 
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according to the invention to cover the bacterial surface and stererically block other 
adhesins of the bacterium. 

The fucosvl-receptors 

The present invention also desribed a novel binding to fucosylated sequences such as the 
Lewis a structure. Such a binding has not been previously described for a diarrhea-causing 
E.coli bacterium. The Lewis a binding has not been previously described, but potential 
receptor structures are known from glycolipids of human intestine. Preferred inhibitors of 
the binding includes the human milk oligosacharide Galp3(Fuca4)GlcNAcp3Gaip4Glc. 

Present invention was able to demonstrate the presence of protein linked fucosylated first 
contact receptors in human gastrointestinal tract. The data show that the fucosyl-receptors 
are present and available for pathogen binding, showing the relevance of the receptors fox 
pathogenesis, especially with regard to diarrhea causing E. coli infections. 



Lacto-receptors and Neolacto-receptors ■ 

Present invention was able to demonstrate the presence of protein linked lacto- and 
neolacto-type first contact receptors in human gastrointestinal tract. The data show that the 
. lactorreceptors and neolacto-receptors aire present and available for pathogen binding, 
20 showing the relevance of the receptors for pathogenesis, especially with regard to diarrhea 
causing E. coli infections. 

General binding specificities also commonly pre sent in normal flora 

Lactosylceramide and ganglio-receptprs are known to bind normal bacterial flora. The use : 

25 of these receptors may also reduce npHnal flora or probiotic bacteria and are therefor more 
preferred to be used in cbmbination with probiotic bacteria or probiotic substances. 
. These receptors belong to the second contact receptor category and are most useful in 
connection to the -other receptors described to be inthe first contact receptors when the 
most effective treatment is needed. Gala4Gii structures can be also considered partially.as 

30 normal flora binding stnictures. In a separate embodiment Gala4Gal structures are used 
together with probiotic bacteria. 



The lactosvlceramide binding 

The glycolipid receptor lactosylceramide comprising hydroxy) fatty acids is anovel 
35 receptor activity for diarrhea causing ^ 
r : lactosylcersunides, structures having modification or the elongation of the oligosaccharide 

chain oh carbon 3 of the Gal residue in lactosylcerainide. Lactosylceramide comprising 
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hydroxyl fatty acids is known from intestinal tissue and considered as a general receptor 
for diarrhea causing E. coli. 

Refinement o f the lacto-Sinding specificity and novel indications 
5 Previously Gaip3GlcNAc has been proposed for EPEC inhibition by using 

neoglycoprotein comprising this disaccharide as a chemical non-natural conjugate. The 
present invention showed effctive binding to the longer oligosaccharide sequence 
Galp3GlcNAcp3Gal|34Glc. This tetrasaccharide can be used for inhibition of the lacto- 
binding of the diarrhea causing E. coli also in the monovalent state. The present invention 
10 shows that inhibiting the lacto binding of EHEC can be used for treatment of diseases 
caused by EHEC such as HUS, haemolytic uremic syndrome. Inhibition of the lacto- 
binding is also useful against ETEC, EIEC, and EAEC. 

Refinement of the neolacto-bindihg of E. coli and novel indications. 
15 Previously Galp4GlcNAc has been proposed for EPEC inhibition by using 

neoglycoprotein comprising this disaccharide as chemical non-natural conjugate. Lacto-N- 
neotetraose can inhibit binding of EPEC to a cultured epithelial cell line, but based on this 
finding the relevance of the binding cannot be shown. The glycosyiatiohs of the cultured 
cells vary and are not necessarily even close to natural glycosylation of the tissue from 
20 which it originates. According to the present invention it is possible to use lacto-N- 
neotetraose to inhibit EPEC binding. According to present invention the disaccharide 
sequence Gaip4GlciNAc and ohgpsachsiride sequences comprising this (Usacchande 
sequence can be used to inhibit EHEC; ETEC and other diarrhea-causing Exolh jhe 
present invention also shows a novel variation for neolacto binding comprising terminal . 
25 GlcNAc structures such as GlcNAcp3Gal^4GlcNAc and 

11 . GlcNAcP3Galp4GlcNAcp3Galp4Glc. It is also found for thetfnit time that linear p3- 

linked polyrN-ace^llacto^mines, Gal{HGlcNAc[p3G^ in 

% : n is integer .and n>=l , are receptors for diarrhea causing E coli strains, the terminal Gal can 

>•.••• be substituted by other monosaccharide residues. Prefenred mo 

\ \ 30 comprises GlcNAcP3Gaip4GlcNAcp3Galp4Glc, which has been reported from milk of 
bufialo, and mixtures comprising GlcNAcp3Gaip4GlcNAcp3Galp4Glc aiid ; ■ 
Gaip4GlcNAcp3Galp4Gla 

•* • * . ' 

► • • "*.*■• •• 

Novel indications for ganglio-receptor inhibitors of pathogens 
* 35 Gangliobinding has been shown for several strains of EPECs and ETECs. The present 
: :* : invention widens, the binding spectrum of the ganglio-saccharides to the EHEC type and 

especially to the EIEC and EAEC types oiE. coli. 
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Inhibition of pathogens bv monovalent receptors 

It is generally believed that the carbohydrate bindings to their receptors and especially the 
bindings of pathogenic bacteria are quite weak as monovalent interactions. It has been 
shown that for example binding of the Shiga-like toxin of E. coli to cultivated cells, can be 
5 only inhibited by very high density polyvalent carbohydrate conjugates of the Gala4Gal- 
sequence. 

An approach using monovalent oligosaccharide sequences could save costs of synthesis 
when the construct is prepared. Polyvalent conjugates may also comprise non-natural and 
10. .non-biodegradable linker structures which may cause side effects or regulatory problems. 
In general it is desired that the monovalent oligosaccharide should be active at low 
. concentrations that would allow cost effective use of the oligosaccharide. The monovalent 
oligosaccharide means here also monovalent conjugates' of the oligosaccharide, for 
example glycosylamines or glycosylamides or methyl glycosides or other glycosides 
1 5 including other N-glycosides, C-glycosides or S-glycosides, or for example active 

derivatives in which the reducing end is modified by reduction or reductive amination. If 
the reducing -end monosaccharide residue is reduced, it may be used a£ a spacer outside of 
the bindirig active carbohydrate epitope; Such an approach would require the use of an 
oligosaccharide which is at least one monosaccharide residue longer than the desired ; 
- 20 receptor epitope iri the oligosaccharide sequence. 

The present invention demonstrates that unexpectedly high affinity monovalent binding . 
activities can be found aiid that mbnbvalent carbohydrates can be used in relatively low . 
concentrations to inhibit the bindings; Preferred monovalent substances 'comprise one or 
25 several terminal non-reducing end sequences chbsen from the group: Gala4Gal, 
i Gald4<^a4Gal,^ 
. Neu5Aca3,^ 
: Neu5Aca8^ 
Gaip3(Fuc^ 

% : 30 More preferentially the monovalent substance or substances comprise(s) one of several 
terminal non-reducing end sequences chosen from the group: Gala4Gal,. Gala4Gala4Gal, 
Gala4Galp4Glc^ Gala4Galp4GlcNac; 

Neu5Aco3Gal, Neu5Acd6Gal, Neu5Accc3Galp4Glc, Neu5Aca6Galp4Glc,. 
: :// Neu5Aca8Neu5Aca8Neu5 Ac, Neu5Aca8Neu5Ac, Neu5 Aca8/9Neu5Aca8/9Neu5Ac, . . . 
/••• s 35 Gaip3GalNAcp4Gaip4Glc, GalNAcp4Galp4Glc, Galp3GlcNAcp3Galp4Glc/ . 

Gaip3(Fuca4)GicNAcp3Galp4Glc, Gaip4GlcNAcP3Gaip4Glc, GlcNAcp3Galp4GlcNAc, 
V'*: Neu5Xa3Galp3GlcNAcp3Galp4Glc, Neu5Xa3Gaip4GlcNAcp3Galp4Glc, 
}*. Neu5Xa3Galp3(Fuca4)GlclSrAcp3Galp4Gk^ 



Neu5Xa3Galp4(Fuca3)GlcN^^ 
Neu5Xa3Gaip4GlcNeu5Xa6Gaip4Glc. 

Most preferentially the monovalent substance one or several terminal non-reducing end 
sequences chosen from tlie group: Gal<x4Gal, Gala4Galp4Glc, Galcx4Gaip4GlcNAc, 
5 GaINAcp3Gala4Gal, GaINAcp3Gala4Galp4Glc, Neu5Aca3Galp3GlcNAcp3Galp4Glc, 
Neu5Aca3Gdp4GlcNAcp3Galp4Glc,Ne^ 

Neu5Aco3Galp4(Fuca3)GlcNAcp3Galp4Glc,Neu5Aco3Gaip4(Fuc<x3)Glc, 
Neu5Aca3Galp4Glc, Neu5Aca6Galp4Glc, Galp3GalNAcp4Gaip4Glc, 
. GaINAcp4Galp4Glc, Gaip3GlcNAcP3Gaip4Glc, Galp3(Fuca4)GlcNAcP3Gaip4Glc, 
10 Gaip4GlcNAcp3Galp4Glc, and GlcNAcp3Galp4GlcNAc3Galp4Glc. 

This group comprises natural Gala4Gal sequences, natural type asialo ganglioside . 
sequences and oligosaccharides which aire present in animal or human niilk. The preferred 
monovalent substances also comprise Mana3Man and Mand3(Mana6)Man 
oligosaccharide sequence structures^ 

15 ...... - \ ■ ' 

In another embodiment the oligosaccharide sequences are chosen from cheap natural 
sourcesJPectin oligosaccharides in which the carboxylic acid groups has been reduced is an 
example of low cost oligosaccharides, the reduced pectin oligosaccharides have the . 
sequences Gal[a4Gal]n, wherein n is an integer from 1 -about 10, it is noted that eVen 
20 larger oligosaccharides could be used but these are not so effective in general. Methods to 
reduce pectin in ester fonh, for example as a natural methanol ester, or by a carbodiimide 
have been reported Large pectin polysaccharides can be degraded to oligosaccharides for 
example by chemical hydrolysis* or erizymatically by pectinases. Gakx4GaI oligosaccharide 
sequences or analogs or partial oUgbsaccharide sequences from natural sources for 
. 25 example from okra plant are also preferred for uses accoir^g to the present ^ 
• . : : cheap natural sources also include polysialic acid produced by bacteria. These have 

polymeric sequences Neu^ 

alternating a9- and a8-bonds! Polysialic acid may comprise. intrachain binding and a : 
• : • • : specific embodiment is targeted to the use of polysialic acid sis polymeric inhibitor. 

# * . : 30 Polysaccharides can be degraded to oligosaccharides or lower molecular weight 

polysaccharides by methods known in art Y^ast mannan arid phospljomannan or . 
oligosaccharides derived thereof are preferred from low-cost natural sources for uses 
# . . according to the present invention. The low-cost natural oligosaccharide sequences are 

*• / . especially preferred for nutritional, food and. feed applications. 
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Treatment of unknown pathogens 

The carbohydrate compositions and substances are especially aimed for treatment of 
pathogen infections when the pathogen or pathogens causing the infection is or are not 
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known- In many cases it is not possible to diagnose the pathogen and treatment has to be 
started before the results from diagnosis can be obtained. In under developed countries the 
diagnostics may not be available or may be too expensive. The availability of diagnostics 
may be also limited under war conditions or in distant regions with low populations. The 
5 compositions and substances according to the invention can be used to relieve symptoms 
of infections caused by numerous different pathogens. The present invention is especially 
directed to the treatment of diseases, preferentially gastrointestinal diseases such as 
diarrheas, when the pathogen is non-typable pathogen or pathogenic E. coli. 

10 Synergistic effects of manipulating sev eral carbohydrate receptor bindings 

The first synergistic effect is the unexpectedly high efficiency in inhibition or binding to a 
single pathogen which represent several adhesins binding to cell surfaces of a patient In 
traditional inhibition attempts with single oligosaccharide epitopes the pathogen usually 
has additional carbohydrate binding specificities which may allow it to survive in the 

15 tissue. The prevention or inhibition of the binding is more effective when as many binding 
components as possible are inhibited. When a polyvalent conjugate is used the highest 
affinity part of the conjugate targets possible receptor oligosaccharide sequences with 
lower affinity to the surface of the pathogen. When the inhibition cover most of the 
binding mechanisms of the pathogen, the inhibition exeeds a threshold value allowing the 

20 pathogen mass to be flushed away by liquids of the tissue, causing a dramatic preventive 
effect against the pathogen. When the invention is used to inhibit simultaneously a microbe 
and a toxin involved in the same disease, the disease is relieved by two means, i.e. removal 
of both the bacterium arid the toxin. 

25 : The use of two or more oligosaccharide sequences has also a synergistic effect against the 
development of 'resistance against the inhibition therapby. The development of resistance 
is a common problem in current antibiotic theraphies. When there are limited amount of 
potential carbohydrate receptors for a p 

or more oUgosaccharides can be used so that me bacteria have no choice left for the 
30 adhesion to the tissues. 

When two or moire oligosaccharides are used against several pathogens, synergistic 
inhibition effects are produced. When several pathogens are infecting simultaneously, the 
. pathogens/infections are. Often supporting each other. 
35 Besides the effects between pathogen and host tissues or between pathogens or pathogens 
and normal flora, the synergistic effect for inhibition Of pathogens may occur by 
interaction with the immune defence of the patient The pathogens may weaken the cells of 
the immune defence. ' 



31 



The coinfection situation may involve several carbohydrate interactions which can be 
manipulated. For example, cells infected by influenza virus are more effectively coinfected 
by several pathogenic bacteria of lungs. It has been suggested that sialidase of the 
5 influenza virus could reveal non-sialylated receptors for the bacteria oh the infected lung 
cells. The virus may also use its hemagglutinin receptors for binding to granulocytes 
creating an interaction which can lead to dysfunction of the leukocyte. 

Methods involving synergistic effects to inhibit binding of pathogens 
10 1 .Synergistic effects of at least two receptor carbohydrates against a single pathogen which 
has several binding activities. 

a) Simultaneous inhibition of at least two binding specificities present on the same 
pathogen effectively inhibits alternative binding specificities of the pathogen when at least 
two binding specificities are present at the same time. 

15 b) Similarly, the inhibition of at least two binding specificities of a pathogen is desired 
when second binding specificity may arise in a situation when first binding specificity is 
inhibited. A cell pathogen like a bacterium may even be able to switch on the first binding 
specificity. While the first binding specificity may be switched off by inhibition using the 
covering method, which is described for polyvalent soluble carbohydrates in 3 below, it is 

20 not possible by single polyvalent carbohydrate against the first specificity. Such switching 
may occur for example by a phase variation of a bacterium. Switching the binding would 
be useful for a pathogenic cell which can use several carbohydaie receptors since 
production of carbohydrate adhesins for receptors which are hot jpresent would consume 
energy xinnecessarily. The inventors noticed that the binding specificities according to the 

25 invention can be switched off in strains.of E. coli caxising diarrhea. Therefore it is useful to 
use several binding oligosaccharide sequenceis, especially oligosaccharide sequences 
according to the invention to inhibit the binding of the bacteria causing diarrheas and other 
intestinal diseases. 

30 c) Inhibition of the receptor on different levels of the infection. As a special case about the 
inhibition of pathogens, especially bacteria and viruses causing intestinal diseases such as 
diarrheas, the invention shoWs that it is useful to inhibit the pathogen binding on two 
receptor levels. The first binding interactions occur oh the outer part of the carbohydrate 
matrix covering cell surfaces. This puter part comprises oligosaccharide sequences of 

35. glycoproteins, and possibly some polyglycosylceramide type of structures. The first 
binding interactions are here called first c&htact and the receptors involved in the.first 
: binding are here called first contact receptors. The second binding interactions, here called 
second contact, occur with medium sized and small glycolipids on the cell membrane 
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surface. The small and medium sized glycolipid receptors are here called the second 
contact recptors. The prior art does not describe these structurally characterized 
oligosaccharide sequences as first contact bacterial receptors from human intestine or 
. gastrointestinal tract 

The invention shows that several novel first contact receptors among the receptor types 
according to the invention are present on human intestinal mucin glycoproteins. The novel 
receptors and includes mannose-comprising oligosaccharide sequences, Galp3GlcNAc, 
Gaip4GlcNAc, Lewis a, and sialylated glycoprotein oligosaccharide sequences. More 
preferred receptors are involved in the first binding interactions. The binding to the 
glycoprotein receptors is on a different level of the binding interactions than the binding to 
shorter chain oligosaccharide sequences of the cell surface glycolipids. It is noticed mat 
Gaip3GlcNAc, Galp4GlcNAc,; Lewis a, and sialylated glycoprotein oligosaccharide 
sequences may also be present on long chain polylactosarnine glycolipids arid on shorter 
chain glycolipids. The carbohydrate structures which are totally or at least mostly 
expressed as second contact receptors includes the lactosylceramide receptors, the ganglia 
binding receptors and the globo-binding receptors. 

According to a specific embodiment it is peferred to use the primary contact receptors, 
preferentially at least two of these to inhibit effectively primary contact and the infections. 
The present invention shows for the first.time several first contact receptors from human 
intestine: ' 

multi-riiannose receptor, neplacto, lactb-, Lewis a and sialic acid binding receptors. 

It is a|so realized that the novel first contact receptors are useful for search of other 
pathogen bindings towards these; When a bindinjg structure has been found the receptor 
saccharide can be used for inhibitor design as described here for E. coli bacteria. 

Underfucdsvlated receptors ; r 

A preferred group from the preferred first contact receptors are underfucosylated receptors 
such as neolacto, laqto and Lfcwis a oligosaccharide sequences. These are more comrnpn in 
persons who are negative for focosyitransferases like secretdr <x2-Fuc-T and Lewis-blood 
group fucosyltransferase. Persons with underglycosylated gastrointestinal tracts more 
prone to infections. The present invention shows a reason for that and a potential theraphy; 
Pathogenic K coli can be inhibited by one or tnore of several of the following 
oligosaccharides or conjugates, preferentially polyvalent conjugates, thereof: Lacto-N- 
tetraose, Lacto-N-neotetraose, Gaip3(Fuca4)GlcNAcP3Galp4Glc. 



The present invention describes for the first time theraphies for a novel indication, 
increased infections due to under modified lactosamine sequences, especially 
underfucosylation of epithelial lactosamine sequences. The invention is especially directed 
to treatment of persons who are Lewis fucosyltransferase (fucosyltransferase HI) negative 
5 and or secretor fucosyltransferase negative. Similar underfucosylated sequences acting as 
pathogen receptors on epithelial cells can occur when a human patient is negative for other 
fucosyltransferases, especially fucosyltransferase V and/or fucosyltransferase VI. The 
present invention is directed to prevent intestinal pathogen adhesion by inhibiting pathogen 
or pathogens by carbphydrates comprising one or more oligosaccharide sequences chosen 
10 from the group neolacto receptors, lacto receptors and fucose receptors when the structures 
in a patient has increased. 

In a preferred embodiment one or several more active elongated oligosaccharide sequences 
according to the formula Galpx(Fuca4) n GlcNAcpR, wherein independently x is linkage 
position 3 or 4, n is = 0 or 1, with the provision that when x=4, then n==0; and R is a 

15 monosaccharide residue or oligosaccharide or conjugate thereof^ preferentially R, linked to 
GlcNAcp, comprises 3Gal(NAc) m and m is independently 0 or 1, are used. Preferred 
sequences are Galpx(Fuca4)nGlcNAcp3Gal, Galpx(Fuca4) n GlcNAcp3Gaip4Glc, 
Galpx(Fuca4) n GlcNAcp3Galp4GlcNAc, Galpx(Fuca4) n GlcNAcp3Galp3GlcNAc, 
Galpx(Fuca4)„dcNAcp3Galp4GlcNAcp3Galp4Glc, - 

20 Qalpx(Fuca4)nGlcNAcp3Galp3GlcNAcp3Gaip4Gk and 
Gaipx(Fu<^4^GlcNAcp3GaINAc. 

Preferentially two oligosaccharide sequences are used. Preferred combinations of the two 
oligosaccharide sequences include non-reducing end terminal oligosaccharide sequences 
25 Galp4GlcNAcp3Gal and Galp3GlcNAcP3Gal, where these sequences represent both 
undermodified or; underfucosylated type 1 and typei 2 N-acetyllactosamines and serve as 
receptors for intestinal pathogens; Another preferred combination is Galp3GlcNAcp3Gal 
and Galp3(Fucgi4)GlcNAc ^ comprising type 1 lactbsamines which are especially common 
. in intestine. la a preferred embodiment all three oUgosaccharide sequences are used. 



30 



• ♦ 



In the present invention it is realised for the first tinie that 



1 . Single pathogens, especially paithogenic bacteria infecting human gastrointestinal traict 
such as intestinal diarrheagenic E. cb/j bind to ttie limited number of specific 
35 oligosaccharide receptors present on the target tissue. Several receptor binding specificities 
are simultaneously functional. 




2. The oligosaccharide sequences as polyvalent conjugates or in immunologically active 
compositions may also activate the immune defense, for example in intestine, which may 
target several types of pathogens such as bacteria or fungi. Carbohydrates can especially be 
used to activate non-specific immune defence reactions. 

5 

3. Polyvalent soluble carbohydrates comprising common carbohydrate receptor or 
receptors for carbohydrate binding activity present on a pathogen, which has possibility for 
several types binding interactions with patient, can be used to coat the bacterium. When 
the surface of the bacterium is covered by the polyvalent soluble carbohydrate, the other 

10 binding interactions are sterically inhibited. The steric inhibition requires suitable 

molecular weight, in general the molecular weight should be high enough to be able to 
effectively inhibit, on the other hand the molecular weight in certain applications should be 
low enough to allow effective diffusion of the soluble carbohydrate. The covering soluble 
polyvalent carbohydrate can bind several pathogens together making an agglutinate which 
15 is removed for example with mucin secretion on lung or intestinal epithelium. Several 

pathogens can comprise several different species or strains of pathogens or several cells or 
. several protein pathogens of the same species, strain or type. 

4. The use of ah inhibiting carbohydrate against a single pathogen in a cpinfection situation 
20 can enhance the infections of other coinfecting pathogens which are not inhibited but are 

getting more room to expand. Prevention of one pathogen has also a synergistic effect 
against a cpiiifecting pathogen when there is an adhesion, which may be inhibited or used 
to flush several bacteria together. When using polyvalent soluble carbohydrates complexes 
may be formed between the ^infecting pathogens. When one or preferably at least two 
25 carbohydrates are used against dl the coinfecting pathogens the i^ . 
much more effectively than when only one interaction is targeted; The synergistic effect of 
iphibitinjg coinfection by at li^t two carbohydrate sequences which can - 
coinfecting bacteria is useftd for the situation with at .least two cd-hrfecting pathogens for 
prevention of for exai^ 

3d ; ' • . ' ■;■ " ■ \ T ' .r : ' ' ' 

Preferred combinations of inhibitors of diarrhe a causing E. coli 

Because of the different contact levels in infections, combinations of first contact receptor 
oligosaccharides can be preferred The first contact receptors are more easily available for 
35 bacterial binding and preferred, targets for inhibition. The present invention is also directed 
:V: to the treatment or prevention of infections, wherein the first contact receptors of the 

V **: pathogen adhesion to human gastric epithelium is blocked, especially by using at least two 

#•* * ' . .. *. 

/ . of oligosaccharide receptors chosen from the group: lacto receptors, neolacto receptors, 
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fucose-receptors, sialic acid receptors, and mannose receptors, more preferably at least 
three oligosaccharide receptors from the group are chosen and most preferably at least four 
oligosaccharide from the group are chosen* In another embodiment, at least one of the first 
contact receptors and more preferably at least two of the first contact receptors is/are used 
together with at least one pf the second contact receptors in the group Gal<x4Gal-receptors, 
lactosylceramide-receptors and ganglio receptors. In a separate embodiment at least two 
second contact receptors chosen from the group Gala4Gal-receptors, lactosylceramide- 
receptors and ganglio receptors are used optionally with a probiotic bacterium or with a 
prebiotic substance. 



The prevention or treatment of infections such as diarrhea caused by E. coli and diagnosis 
of diarrheagenic E. coli is also preferred by using at least two of oligosaccharide receptors 
chosen from the group: Gala4Gal-receptors, lacto recqptors, neolacto receptors, fucose 
receptors, sialic acid receptors, and mannose receptors. These are preferred in certain 
1 5 cases because lactosylceramide-receptors and ganglio receptors are also associated with 
normal flora interactions. 

In a preferred embodiment the prevention or treatment pf infections such as diarrhea 
caused by E. coli and diagnosis of diarrheagenic E. coli is performed by using at least two 
20 oligosaccharide receptors chosen from the groups. 

b. lacto receptors, neolacto receptors and mannose receptors; 
. c. fucose rec^tors,Gala4Gal-receptors, and siiailic acid receptors. 

25 So that at least one oligosaccahride receptor is from group a and one ii from group b. Mpre 
: preferentially at least twb oligosacchmde.rTC 

oligosaccharide sequences are chosen from the ^up b. These are some preferred 
. combiniations of the pathPgenesfe ^ebific receptors, w 
•••• treatment against specific diarrhea strains or disease types after analysis of the pathogen(s) 

30 causing the disease. , 

. In a preferred embodiment the prevention or treatment of infections such as diarrhea 
caused by E. coli and diagnosis of diarrheagenic E: coli is performed by using at least two 
substances comprising different oligosaccharide sequences chosen from the 
35 oligosaccharides present in human milk or in milk of a dairy animal. Preferred free 

oligosaccharides from milks includes several lacto receptors, neolacto receptors, fucose 
receptors, sialic acid receptors; and.the lactosylc^ramide receptor glycblipids. In a preferred 
embodiment the milk type oligosaccharide sequences are used together with one or several 
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non-milk oligosaccharide sequences, more preferentially with one oligosaccharide 
sequences selected from the group consisting of: Neu5 Aca8Neu5Ac, Gala4Gal, and 
mannose receptor oligosaccharide sequences. 

In a preferred embodiment the prevention or treatment of infections such as diarrhea 
caused by E. coli and diagnosis of diarrheagenic E. coli is performed by using at least two 
low cost substances chosen from the group Gala4Gal-receptors, lacto receptors, neolacto 
receptors, and mannose receptors, more preferably the low cost substances are a 
Galo4Gal-receptor, and a mannose receptor. 

Use of at least two receptor oligosaccharide sequences according to the present invention 
when one of the oligosaccharide sequences is a fucose receptor according to the present . 
invention is preferred because the sequence is a common natural first contact receptor. 

1 5 Use of at least two receptor oligosaccharide sequences according to the present invention 
when one of the oligosaccharide sequences is a Gala4Gal receptor according to the present 
invention is preferred because the sequence is an especially effective receptor for E.colL 

Use of at least two receptor oligosaccharide sequences according to the present invention 
20- when one of the oligosaccharide sequences is a high affinity type neolacto-receptors 
according to the present invention is preferred because the sequences are an especially 
effective receptor for human diarrheagenic E.colL 

Use of at least two receptor oligosaccharide sequences according to the present invention 
25 when one of the oligosaccharide sequences is a high affinity type of lacto-receptors 
receptors according to the present invention is preferred because the sequences are ail 
espe*naUy effective rec^ 

Use of at least two receptor oUgosaccharide sequences accorc^g 
30 when one of the oligosaccharide sequences comprises a NeuSGc receptor according to the 
present invention is preferred because the sequence is an especially effective repeptor for 
human diarrheagenic E. coli. 

The combinations of the lacto receptors, neolacto receptors and fucose receptors are. 
35 preferred as under-modified sequences as described above. 
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Polyvalent carriers and conjugates 

In a preferred embodiment the pathogen inhibiting/pathogen receptor oligosaccharide 
sequence or sequences are linked to a polyvalent carrier, more preferentially at least two 
pathogen inhibiting oligosaccharide sequences. In a specific embodiment at least two 
pathogen inhibiting oligosaccharide sequences are linked to the same polyvalent carrier. . 
The polyvalent carrier is preferentially a carbohydrate carrier such as polysaccharide or an 
oligosaccharide, in a preferred embodiment the carbohydrate carrier is soluble 
carbohydrate carrier. The carbohydrate carrier is in a preferred embodiment a bacterial 
polysaccharide. 



In another embodiment the pathogen inhibiting oligosaccharide sequence or pathogen 
inhibiting oligosaccharide sequences are expressed pn a particle carrier. The particle 
carrier is preferably a carbohydrate particle, a synthetic polymer particle or a cell. The cell 
is preferably a bacterial cell or a yeast cell. The preferred diameter of the particle is 
15 between 10 nm and 10 micrometers. 

The polyvalent conjugates are preferentially designed to be non-antigenic, and nOn- 
immunogenic, so that the only minor immune reactions or no immune reactions at all are 
caused by the conjugates. Other preferred properties of the polysaccharides includes low 
20 toxicity of the polysaccharide and/or its degradation products . : 

The polyvaleht conjugates which are aimed to inhibit bacteria are designed to avoid . 
carbohydrates binding specificity or specificities of the epithelium when the carbohydrate 
binding specificity can attach the conjugate to the epithelixim and increase the pathologic 
25 binding of the pathogen, to the tissue, 



Bacterial exopolysacxiharides or capsular polysaccharides from bacteria are preferred, 
especially when the bacterium is a nori-pathogenic bacterium such as lactic acid bacterium. 
Several of the oligosaccharide receptors accoirding to the invention aire known from 
30 bacterial polysaccharides. The invention is also directed to the engineering of the receptor 
. oligosaccharide epitopes on bacterial polysaccharides, especially polysaccharides of non- . 
pathogens, such as lactic acid bacteria. The engineering.may be done genetically or by 
chemical modification of the.polysaccharides, for example by specific hydrolysis or 
glycosyltransferase reactions. According to present invention it is possible to use a 
35 bacterial polysaccharide or mixture of bacterial polysaccharides which comprises at least 
two. receptor oligosaccharides according, to the present inventicm. It is more preferred to . 
. use a bacterial polysaccharide or mixture of bacterial polysaccharides which comprises at 



# 



38 



least three receptor oligosaccharide sequences and in another embodiment at least four 
receptor oligosaccharide sequences according to the present invention. 
Preferred polysaccharide substances comprising NeuNAccx6Gal- or NeuNAcct3Gal 
comprise NeuNAca6Galp4/3GlcNAc, NeuNAca3Galp4/3GlcNAc, 

5 NeuNAca6Gal04/3Glc or NeuNAca3Gaip4/3Glc linked to a polysaccharide. Such 

polysaccharides with NeuNAc3Gal are already present on certain exopolysaccharides of 
type B Streptococcus- species. Similar polysaccharides can be expressed on non-pathogens 
such as lactic acid bacteria. NeuNAca6Gal- containing species are more preferred since 
these can be produced by desialylating totally or partially NeuNAca3Gaip4GlcNAc- 

10 containing polysaccharides and resialylating with a transferase sialylating at 6-position of 
Gal such as a a6-sialyltransferase. Alternatively a non-sialylated polysaccharide 
comprising terminal Gal04/3GlcNAc or Gaip4/3Glc can be sialylated. Non-sialylated 
bacterial polysaccharides or polysaccharide derivatives comprising oligosaccharide 
sequences according to present inventio such as Galp4/3GlcNAc, Galp*4Glc, and 

1 5 Galp3GalNAc or larger oligosaccharide sequences according to present invention are also, 
preferred for use according to the present invention. In preferred embodiment partially 
sialylated polysaccharide comprising Gaip4/3GlcNAc or/and Gal|34Glc-sequences are 
used.. 

20 In another embodiment an antigenic or irnmmo stimulatmg or modulatmg carbohy 
conjugate is included. The antigenic or immunogemc carbohydrate conjugate is m 
specific embodiment covalently conjugated to one or several oligosaccharide sequences 
according to the invention. 

25 Polyvalent conjugates for cross-linking pathogens to immune cells of to immune defence 
proteins 

Alternatively me carbohydrate compositions can be used to cross-fink me pathogens to 
immune cells such as various types of leukocytes, or immune defence proteins ^ . 
antibodies, immune lectinis or other -pathogen inhibiting agents arid thus inhibit the 
30 pathogen. 

Several receptors for pathogens have been reported from the surfaces .of immune cells. 
Preferred receptors on immune cells are aimed for destruction of the pathogen, such as 
phagosytosis receptors.. The polyvalent or oligovalent oligosaccharide sequences are 
35 preferably not so large that they could prevent the phagosytosis or destruction of infecting 
pathogen. Such receptor includes mannose receptor on macrophages, receptors of natural 
killer cells which bind Nracetylglucosarnine. It is obvious that several natural arid syntheti 
carbohydrates can be used as analogs of these sequences. The preferred carbohydrates 



binding to the mannose receptors comprise terminal monosaccharide or monosaccharide 
analogs containg at least two free axial hydroxyl groups. The polyvalent carbohydrate 
sequences to be used for binding to immune cells includes polyvalent conjugates 
comprising mannose, fucose, N-acetylglucosamine, N-acetylmannosamine or glucose. 
More preferentially the monosaccharides are chosen so that these are natural components 
present in human biology, mannose is D-mannopyranose, fucose is L-fiicopyranose, N- 
acetyl-D-glucosaminopyranose, N-acetyl-D-mannosaminopyranose and glucose is D- 
glucopyranose. In the most preferred embodiment the monosaccharide residues are linked 
by natural type glycosidic bonds to neighboring monosaccharides such as Manal-3, 
Manal-6, orManal-2, GlcNAc01-3, GlcNAcpl-2, GlcNAcpl-6, Fucal-2, Fucal-3, 
Fucal-4, Fucal-6. Preferred oligosaccharide sequences comprise the terminal 
disaccharides Manal-3Man, Manal-6Man, Man<xl-2Manj GlcNAc01-3Gal, GlcNAcpl- 
2Man, GlcNAcpl-6Gal, Fucal-2Gal, Fucal-3GlcNAc, Fucal-4GlcNAc, or Fucal- 
6G1qNAc. . 

In a specific embodiment a polymeric carbohydrate which has binding specificity towards 
both the pathogen or several pathogens and a pathogenesis inhibiting immune cell pr . 
leukocyte is used to cross-link a pathogen and an immune cell. Specifically an alpha- 
mannose containing carbohydrate is used for binding of bacteria such as Salmonella 
species or E. coli and leukocytes/complement system simultaneously. 

In another embodiment the polyvalent substances 'comprising at least two different 
oligosaccharide sequences according to the invention is used for simultaneous binding of 
oiie or ihqre types of pathogens and.one or more types of immune cells capable of 
inhibiting the pathogen or the patihogens. More preferably one of the oligosacharide 
sequences in the polyvalent substance comprising at least two different oligosaccharide; 
sequences according to the invention is a Mana- cpmprising oligosaccharide sequence. 

Soluble polyvalent co njugates covering and agglutinating the pathop ens 
Preferred polyvalent conjugates include soluble or gel forming polyvalent conjugates. 
More preferably the polyvalent conjugate is soluble and can cover the surface of tlie 
bacterium. Preferrably the bacterium covering soluble polyvalent conjugate has at least a 
molecular weight of 5000 daltons, more preferably at least about 10 000 daltotis ^hd most 
preferably at least about 20 000 daltons. For several applications higher molecular weights 
should be lirnited because of the effective diffusion of the conjugates in the gastric mucosa. 
Preferred upper limits of the polyvalentcokjugates are under about 300 OOO.daltons, more 
preferably under about 150 OOO.daltons and most preferably under 50 000 daltons: More 
preferred molecular weight ranges include from about 5 000 to about 50 000 daltons, from 



about 10 000 daltons to 50 ,000 daltons and most preferably from about 20 000 daltons to 
about 100 000 daltons. The molecular weight limits indicate that about at least 70 % of the 
molecules are within the desired range and more preferably at least 80 % in the desired 
range. * 

The polyvalent conjugates that can diffuse to the surface of the pathogen and cover it are 
especially effective in prevention pathogens when several types of bindings should be 
inhibited. The polyvalent conjugate or conjugates comprises carbohydrate corresponding 
to the most common binding activity on the pathogen or pathogens present. The covering 
of the surface by the polyvalent conjugate blocks sterically the other carbohydrate binding 
receptor or receptors on the surface of the pathogen or .the pathogens. Preferably at least 
two pathogen covering polysaccharides are used. More preferably two different receptor 
oligosaccharide sequences are conjugated to the same polymer. 

Most preferably the soluble polyvalent conjugate comprises a polysaccharide backbone. 

The present invention is thus directed to polyvalent substances,, especially soluble 
polyvalent substances comprising at least two receptor oligosaccharide sequences, more 
preferably at least three receptor oligosaccharide sequences according to the present 
invention. The present invention is also directed to the polyvalent substances comprising at 
least four receptor oligosaccharide sequences according to the present invention. 

Polyvalent conjugates which can induce catbohvdrate binding towards itself . 
The present invention is also directed to carbohydrate binding specificities which can be 
induced in pathogen cells by polyvalent conjugates which mimic the polyvalent natural 
surfaces to which the pathogens aim to attach. The inducible binding specificities are not. 
active all the time but can be activated when pathogen needs to bind the receptor. 
According to. the present invention "pathogen celis, :especiaily bacteria such as Escherichia 
coli, are able to activate such inducible receptor carbohydrate binding by contact with the 
receptor. A mechanism for the induction is presence of low amounts of the indicible 
receptors on the cell surface, which signals induction, of the receptors in higher amounts. 

For the induction of the receptor the polyvalent conjugates aS described above can be used 
High molecular weight conjugates are prefererred when the target pathogen cell is 
accessible for higher molecular weight molecules in the mucin layer. For this application 
even non-soluble polymeric conjugates can be used when, the target pathogen cell is 
accessible for these. 



Therapheutic tar pcta 

The present invention is preferrably targeted for treatment of intestinal infections or lung 
infections. The term treatment means also preventive or prophylaxis treatments. Similarly, 
the invention could be used for treatment of oral or other gastrointestinal infections or 
treatment of infections of other epithelia or surfaces of the body of the patient, such as 
skin, or on genital surfaces such as the vagina. The invention can be even used in blood 
circulation of the patient, but then special care must be taken for the suitability of the 
substances and compositions for such use. 

The invention is especially and preferentially directed to treatment of intestinal pathogens. 
The preferred intestinal pathogens cause diarrhea diseases. Preferred diarrhea causing 
pathogens includes all types Escherichia coli which cause intestinal diseases. The use of 
the compositions against Escherichia coli species including EPEC (enteropathpgenic 
Escherichia coli ), ETEC (enterotoxigenic Escherichia coli ), EHEC (enterohemprrhagic 
Escherichia coli), EAEC (enteroaggregative Escherichia coli) and EEBG (enteroinvasive 
Escherichia coli). 

Treatment and prevention of other non- E.coli infections and cpvjnfectigns 
It is realized that several other pathogens live in similar receptor environment, in human or 
even in animals, especially in gastrointestinal tract, especially in intestinal receptor 
environment, comprising carbohydrate receptors according to the present invention. Other, 
non-Ecoli, pathogens infecting human especially human gastrointestinal tract, more . 
specifically ones infecting the human intestine, are likely to use one or several of the 
receptor ohgosacctiaride sequences according to the present invention. Treatment of other 
pathogen or other pathogens according to the present invention is preferred when the 
pathogen bind to at least two, more preferably at least three, receptor oligosaccharide 
sequences according to Ihe present invention and. when there is specificaj benefits for using 
the oligosaccharide sequences as described 1 by me present myentipn, ^ present ; 
invention is generallyt directed to the use of compositions comprising of compounds which 
comprise at least two receptor otigosaccharide sequence according to the present 
invention against pathogens in human gastrointestinal tract, especially hi intestine! 

When the pathogen is a not E coli the pathogen may use or bind other receptors or 
analogous oligosaccharide sequences, the other oligosaccharide sequences, referred here as 
other receptor oligosaccharide sequences, including preferentially other ohgosaccharides 
such as sequences Fuca2Gal, Fuca3GlcNAc, Fuca3Qlc, gahglioseries ganghosides, 
and/orNeuNAca8NeuNAc, more preferably the fucosylated sequences are . 
Fucct2Galp3/4GlcNAc, Fuca2Galp4Glc, Fuco2Gal|34(Fuca3)Glc, Galp4(Fuca3)GicNAc, 



# • 



Fucct2Galp3/4(Fuca4/3)GlcNAc. The present invention is directed to the use of 
compositions comprising of compounds which comprise at least two receptor 
oligosaccharide according to the present invention together with at least one of the other 
receptor oligosaccharide'sequences against pathogens, especially non-£ coli pathogens in 
human gastrointestinal tract, especially in intestine. The present invention is also directed 
to the simultaneous treatment of infections caused by at least one diarrheagenic E. coli and 
at least one non-E.coli pathogen. 

Fuca2Gal-structures bind also to other, non-J?. coli, pathogens and they are useful for use 
in combinations with the substances according to the present invention. In a preferred 
embodiment Fucot2Gal-structure or Fuca2Gal-Xyl structure is derived from plant 
hemicellulose. The present invention is also directed to therapheutic substance comprising 
Fuca2Gal-structure derived from plant hemicellulose. The therapheutic substance can be 
used, in nutritional Compositions including foods, feeds, beverages or in medicines or 
medicine like therapheutic compositions. 

Other bacteria which can be targeted by the receptor carbohydrate combinations and 
polyvalent conjugates according to the invention include for example Vibrio species, 
including Vibrio cholerae, Campylobacter species, mcluding Campylobacter jejuni, 
Salmonella species, including Salmonella typhimurium, Listeria species, Shigella species, 
Aeromonas species, intestinal viruses, especially rota virus, and mtestihal eukaryotic 
parasites including Ih&Entamobae species. The other, intestinal pathogens have similar 
binding profiles with diarrhea causing E. coli as shown for example by studies with 
hemagglutination patterns with varios red cells. The other pamogens Uvem similar 
environment and use at least partially the same receptors as the diarrhea eausmgk cbtf. 

;Many infections for example in intestine andluhgs involve several pathogens, Such - 
infection are difficult to treat and may turn hito chronic mfections. Many diarrheas and 
lung diseases which may be mfld mfectioris in the beginning may develop into lethal forms 
of diseases. Complicated diseases are often caused by coinfection of several pathogens. It 
is especially preferred to use the carbohydrate compositions for treatment of two or more 
pathogenies, which infect or are considered to be infecting the patient The compositions 
according to invention can be used to inhibit two or more pathogens from the group 
pathogenic bacteria, toxins, viruses, fungi, or parasites; simultaneously. More preferably 
the compositions according to the invention inhibit at least two pathogens from the group 
pathogenic bacteria, toxins, and viruses, simultaneously. A preferred combination of toxins 
and pathogens includes toxins of Escherichia cpli and the Escherichia coli- bacteria. Toxin 
proteins comprises one or usually several lectins sites presented in ordered bligomeric 



manner. For example bacterial toxins such as cholera toxin or shigalike toxins contain five 
lectin domains in a ring-shaped protein pentamer. On bacterial surfaces the adhesion 
lectins or adhesins are presented in polyvalent manner. Also bacterial carbohydrates 
represent bioactive carbohydrate epitopes as large polyvalent conjugates like on 
exopolysaccharides or capsular polysaccharides or lipopolysaccharides or peptiglycans or 
like; No effective inhibitors are described for inhibition two or more different lectin 
representations. The preferred polyvalent or oligovalent conjugates are special 
carbohydrate conjugates. 



According to the present invention it is also preferred to inhibit simultaneously two 
different pathogens. In a preferred embodiment the invention is targeted for treatment of 
coinfection by a virus and a bacterium. Preferably the bacterium or bacteria belong to 
species Escherichia, Vibrio, Salmonella, Listeria, Shigella, Aeromonas, or 
Campylobacter and it is most preferably a diarrhea causing Escherichia coli or several 
strains of Escherichia coli and the virus is a diarrhea causing virus such as a rotavirus. 
Other preferred combinations include lung pa r thogenic bacteria, preferably Haemophilus 
influenzae, Klebsiella pneumoniae, Streptococcus pneumonia, Pseudomonas aeruginosa 
and a lung infecting virus ^ch as influenza virus. 

The surfaces and adhesion mechanisms of the viruses and bacteria are different. The viral 
surface contains infective lectins in ordered surface structure on a relative £mall and 
cui^ed surface of while the larger bacterial surface contains adhesive, lectins usually in 
linear ordered structures like pili or flagella. Therefore the effective simultaneous 
prevention pf viruses and bacteria is especially difficult The present invention describes 
the use of special oligovalent or polyvalent compositions or substances which can be used 
for treatment of connections by viruses and bacteria; The oligovalent or polyvalent 
substances or .compositions preiferably cpmprise the active carbohydrates in special 
carbohydrate cqn^ \ 
presentations onpathogen surface or pathogen surfaces. 

Use of the receptor oligosaccharide sequencess alone or in combinations for the novel , 
indication for Carbohydrate , V : ' . 

It is realized that the receptor oligosaccharide sequencess can be used as or in single 
substances for theraphy or other applications with ^ c plU The 

present invention describes novel general diarrhea indication in which diarrhea is caused . 
by cme of the five majpr types of diarrhea causing E. coli* namely EPEC (enteropathpgenic 
Escherichia coli ), ETEC {enterotoxigenic Escherichia coli% EHEC (enterohemorrhagic : 
Escherichia coli), EAEC (enteroaggregative Escherichia coli) and EIEC (enteroinvasive 



• 44 # 

Escherichia coli) and even by non-typed or non-typable wild-type strains of diarrhea 
causing E. coli. 

According to present invention the receptor oligosaccharides according to the present 
invention can be used aS"single substances or as parts of single substances for treatment of 
infections caused by any type of diarrhea causing E. coli and in a preferred embodiment 
for treatment of infections caused by all of the five major types of diarrhea causing E. coli, 
and in a more preferred embodiment embodiment for treatment of infections caused by at 
least four, and in a separate embodiment by at least three, of the major types of diarrhea 
causing E. coli. The oligosaccharide sequences are also preferred for preparation of 
therapheutical compositions for treatment of diarrheas caused by several types of diarrhea 
causing E. coli, in case a first indication for an oligosaccharide sequence has been 
suggested. When the oligosaccharide sequences are used alone, the theraphy is not as 
effective as according to present invention when combinations of the ohgosaccharide 
sequences are used. As the general indication of using carbohydrate, substances against 
infections caused by all or major types of diarrhea causing E. coli is new and inventive, the 
use of combinations of the receptor oligosaccharide sequences is even more new and 
inventive. 

Use of the most novel receptor oligosaccharides alone for tfaeraphies 
. Several oligosaccharide sequences has been suggested as inhibitors of specific types 
diarrhea causing k co/z in prior art, the data mcludes Contradictory results and does hot 
allow which of the substances could be used alone. The prior art does not show the 
relevance of me possible bmdmg .wim regard to therapheutical use of even single binding 
specificity to make inhibitors of carbohydrate mediated pathogen binding: The prior, work 
does not fulfil the simple primary criteria for theraphautically most relevant carbohydrate 
binding: The tiieraphautically useful carbohydrate mediated pathogen bmding could be 
considered, ••■ • ■•..*•••". <.'■.■/'■ '' . . ..- : " i' - 

1) if a certain sh^m of jpathogehic .^ . 
bmding specificifyand '- 

2) the binding specificity is present on the pathogen and 

3) the corresponding receptor oligosaccharide sequence is present on die relevant 
target tissue and ' - 

4) the relevant receptor ohgosaccharide sequence on target tissue is available for the 
bmding specificities of the pathogen. 

When considering usefulness of the toerapheutics, the effects of the possible inhibitor, 
ohgosaccharide sequence must be established. The present invention shows useful 
substances and compositions for inhibition of pathogens. The prior art about potential 
bindings does not allow, to determine effective inhibitors of pathogen binding according to 
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the present invention. The present invention shows for the first time relevant first contact 
lacto-, neolacto-, fucosyl-, sialic acid-, and mannose receptors for diarrhea causing £ coli 
in human gastrointestinal tract Lactosylceramide receptor and Gala4Gal-receptors for 
tissue binding of diarrhea causing E. coli has not been previously described, nor specific 
Gaip3GalNAc-binding. The approaches previously described for toxins does not cure the 
disease but can only possible relieve symptoms of the disease with specific strains of E. 
coli. The present invention is directed to use following groups of oligosaccharide 
sequences according to the invention also as single substances or as part of single 
substances for treatment of general and specific indications of diarrhea causing E. coli. 

a) Lactosylceramide receptors 

b) Gal(33GalNAc -receptors 

c) .Gala4Gal-receptors "7 

d) Lacto-receptors, preferably Gal03GlcNAc03Gal-receptors 

e) Neolacto-receptors, preferably (GicNAc03) o 0 r iGal04GlcNAc03Gal-receptors 

f) Fucosyl-receptors 

g) Sialic acid-receptors 

h) Mannose receptors 

The oligosaccharide sequences, are also preferred for preparation of therapheutical 
compositions.for treatment of diarrheas caused by several types of diarrhea causingk coli, 
in case a first indication for an oligosaccharide sequence has been suggested. When the 
oligosaccharide sequences are used alone, me theraphy is not as effective as according to 
present invention when combinations of , the oligosaccharide sequences are used The . 
mvention of relevance of the specific oligosaccharide sequences also adds the . 
inventiveness of approaches using specie combinations of the oligosaccharide sequences. 
The relevant oligosaccharide sequences can be also used as monovalent and polyvalent 
inhibitors as described by the invention. • "' i • .' 

Preferred receptor oligo saccharide sequences for meranhv- prevention or treatment in 
connection to separate diarrheagenic E. coli indications . 

Preferred and novel su bstances and compositions to be used against EHEC-infections . 
Present invention is also directed to the treatment of diseases caused.by enterohemorrhagic 
Escherichia coli. Previously Gato4Gal-cotoprising substances have been described for 
blocking the shiga-like toxin of E coli. Methods to use several oligosaccharide sequences .. 
especially to block the binding of the bacteria have not been previously described. In thfe 
present invention several strains ofEHEC were screened. Special binding profile of . . 
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preferred binding specificities were found; According to the present invention these 
specificities among the group of eight.specificities are preferred for treatment of EHEC. 
Substances comprising following oligosaccharide sequences are preferred for the treatment 
of EHEC-infections: lacjfosylceramide receptors , ganglio receptors, lacto receptors, 
5 neoliacto receptors, fiicose receptors, and mannose receptors; more preferably 

lactosylceramide receptors, lacto-receptprs, neolacto-receptors, and fiicose receiptors. The 
substances are also preferred in compositions comprising at least two receptor 
oligosaccharide sequences as described by the invention. 

10 It is realized that the oligosaccharide sequences can be used together with toxin blocking 
oligosaccharide sequences such as Gakx4Gal-type receptors of shiga like toxin. Several 
oligovalent and polyvalent oligosaccharides has been described to be effective inhibitors of 
the toxins especially whim using Gala4Galp4Glc and Gala4Gal JMGlcNAc-type 
sequences.. In the light of previous studies the toxin blocking alone is not enough for 

15 effective treatment. According to the present invention the Gala4Gal-type 

oligosaccharides are not major adhesion receptors for EHEC-adhesion and for effective 
treatment; 

In a preferred embodiment for EHEC prevention, treatment or diagnostics at least one of 
.20 the receptors in the group of lacto-receptois, neolacto- receptors and focose-receptors are 

used. More preferably at least two of the receptors are used. It.is also preferred to use at 

least three or at least four receptors. These are preferred, due to higher speficifity towards 

pathogenic organism. It is especially preferred tb use the high affinity forms of the. . 

receptors selected from the group consisting of: lacto. receptors, neolacto receptors. and 
25 fucose receptors. The present invention is also directed to the treatment of EHEC 

infections by blocking the first contact receptors of the EHEC-adhesion to human gastric . 

epithelium,, especially at least one of the receptors selected from the group consisting of 
. . lacto receptors, neolacto recepfors/fiicos? receptors and mannose ^ receptors are used; % 

More preferably ait least two df the receptors are used. In another embodiment at least one 
30 of the first contact receptors and more preferably at least two of the first contact receptors 

is/are used together with at least one of the second contact receptors from the group of . 

lactbreceptors or ganglioreceptors. In a preferred embodiment high affinity variant of the 

preferred receptor. oligosaccharide sequences according to the present invention are used. 



35 Preferred and hovel substances and compositions to be used against EPEC-infections 

Present invention is also directed to the treatment of diseases caused by enteropathogenic 
Escherichia coli. Multiple non-characterized binding specificities have been suggested for 
EPEG. Therapheutical usefulness of these has not been demonstrated. The relevance of the 
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bindings to the infection has not been shown and previous data does not allow to define 
useful compositions or substances among the ones indicated. Reports are contradictory and 
some reports indicate that the substances would not be useful for treatment Methods to use 
several oligosaccharide sequences especially to block the binding of the bacteria have not 
5 been previously described. In the present invention several strains of EPEC were screened. 
Substances comprising following oligosaccharide sequences are preferred for the treatment 
of EPEC-infections: lactosylceramide receptors, Galct4Gal-receptor, sialic acid receptors, 
high affinity neolacto receptors and novel ganglio receptors. 

10 The high-affinity neolacto-receptors comprise the terminal oligosaccharide sequences 
according to the Formula ' 

[GlcNAcp3j„iGal^ 

15 wherein.nl, n2, n3, and n4 are independently integers 0 or 1, when nl is 1, 

the non-reducing terminal GlcNAc according to the formula can be further substituted by 
other monosaccharide residue or oligosaccharide residues, preferably by Gaip4 or 
GlcNAcp3Galp4, ; 

with the proviso that at least n4 is 1 or nl is 1. 

20 . •; . v • . ... • ••. \ 

The novei ganglio receptors according to the present invention comprise the terminal 
% disaccharide Gaip3GalNAc with the proviso that the disaccharide is preferably not p4 
linked to lactose, the disaccharide epitope is in general cheaper to produce than the 
tetrasacharide epitope* More preferably the oligosaccharide sequence is Galp3GalNAcP 
25 . with the proviso that the disaccharide epitope is not p^linked to lactose oi: 

. Gaip3GalNAcp4Gal, with the proviso that the reducing end Gal is not p44inked to 
glucose. The terminal ^ disaccharide ^dtrisacchmde sequences have not been previously 
described as receptors for diarrhea causing ~:E: coli bacteria nor ^ receptors' for 3BPEC- 
bacteria. The use of these is preferred to the known tetxasaccharide receptors because of ]' 
5 /*5 30 the more cost-effective synthesis. . 

• • • , .*-*-■ t ... 

The substances are also preferred in compositions comprising at least two of th<? receptor 

oligosaccharide sequences as described by the present invention. 

35 The present invention is specifically directed to the inWhitipn of the EPEC-tinding and 
'••• 5 theraphy against EPEC infections by using at least one preferred EiPEC-inhibiting 
s «.. s oligosaccharide sequence chosen from the group: lactosylceramide receptors, Gala4Gal- 
receptors, lacto receptors, neolacto receptors, sialic acid receptors, and fucose receptors 
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and more preferably chosen from the group :Gala4Gal-receptors, lacto receptors, neolacto 
receptors and focose receptor, when the receptors are as described by. the present 
invention. Furthermore the present invention is directed to the inhibition of EPEC-binding 
and theraphy against EPEC infections by using compositions comprising at least two or at 
5 least three of the preferred oligosaccharide sequences according to the present invention. 

In a preferred embodiment high affinity variant of the preferred receptor oligosaccharide 
sequences according to the present invention are used. It is also preferred to use 
monovalent receptors and polyvalent receptor conjugates according to the present 
10 invention in connection with EPEC. 

The present invention is also directed to combination of the receptor oligosaccharide 
sequences to be used in theraphy against EPEC together with an oligosaccharide sequence 
or oligosaccharide sequences which can inhibit the intimin receptor involved in the later 
15 stage of the infection cascade. The receptors of intimin have been described to be 
oligosaccharides with terminal structure Fuca2Gal, : especially fiicosyllactose 
Fuco2<5aip4Glc and Fuca2Gaip4GlcNAcp3Galp4Glc. 

Preferred and novel substances and compositions to be used against ETEC-infections 
20 Present invention is also directed to the treatment of diseases caused by enterotoxigenic 

Escherichia colt. Multiple non-characteri2£d bmdm 
. ETEC, Therapheutical usefiilness of these has not been demonstrated. The relevance of the 
bindings to the infection hias not been shown and previous data does hot allow to define 
useful compositions or substances among the ones indicated. Reports are contradictory and 
. 25 some reports indicate that the substances wduld not be useful for treatment Methods to use 
5 . • several oligosaccharide sequences especially to block the binding of the bacteria have not . 

been previously described. In the piraerit invention several strains of ETEC were screened, 
. Substances comprising following bligosapch^ride sequences are preferred for the treatment 
* sv * of ETOC-infectioiis-J lactosylceramide receptpi^/C^la4^1-receptbrs, lacto recfeptors,, 

• / • I V 30 neolacto receptors, sialic acid receptors, fucose receptors and the novel ganglio receptors. 

M6re preferably for the.txeatment or diagnostics of ETEC at least one oligosaccharide 
. sequence is chosen from the. group Gala4Gai-receptors,' lacto receptors, neolacto. receptors, 
and fucose receptors, when the receptors are as described by the present invention. 
Furthermore the present invention is directed to the inhibition of ETEC-binding and 
35 theraphy against ETEC infections by using compositions comprising at least two or at least 
three of the oligosaccharide sequences according to the present invention. 
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In a preferred embodiment high affinity variant of the preferred receptor oligosaccharide 
sequences according to the present invention are used 

It is also preferred to use monovalent receptors and polyvalent receptor conjugates 
5 according to the present invention in connection with ETEC. 

Preferred and novel substances and compositions to be used against EAEC-infections 
The present invention describes novel binding specificities for eiiteroaggregative 
Escherichia coli (EAEC). It is realized that substances comprising the oligosaccharide 

10 sequences according to the each of the eight binding specificities of the present invention 
can be used for the treatment of infections caused by EAEC or diagnostics of the EAEC 
even as single substances. The present invention is also especially directed to. the use one 
of the of the receptors in group Gala4Gal-receptbrs, lacto receptors, neolacto receptors, 
sialic acid receptors, and mannpse receptors for infections caused by EAEC or diagnostics 

15 of the EAEC. More preferably at least two of the receptors are used. These are preferred 
due to higher speficificty towards pathogenic organism. It is especially preferred to use the 
. preferred or high affinity forms of the receptor or receptors chosen from the group group 
lacto-receptors, neolacto receptors and fucose receptors. : 

The present invention is also directed to the treatment of EAEC infections by blocking of 
20 the first contact receptors of the EAEC-adhesion to human gastric epithelium, especially 
by using at leaist one of the receptor oligosaccharide chosen from the group: lacto 
recfcptprs, neolacto receptors, fucose-receptors,. sialic acid receptors, and mannose 
receptors, More preferably at least two of the receptors are used. In another embodiment 
at least one of the first contact receptors and more preferably at least two of the first 
25 contact receptors is/afe used together with at least on of the second cdntactTeceptors in the 
grpup Gala4Gakreceptor^ 

In a preferred embodiment high affinity variant of the preferred receptor oligosaccharide " ;. . 
sequences according to the present invention are used. 
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It is, also preferred to use monovalent receptors and polyvalent receptor conjugate? 
according to the present invention in connection with EAEC. / 

Preferred and novel substances and Compositions to be used against EIEC-infections 
• 35 . The present invention describes npvel binding, specificities for enteroinvasive Escherichia 
. coli (EIEC). It is realized that substances comprising the oligbsapcharide sequences 
according to the each of the eight binding specificities of the present invention can be used 
for the treatment of infections caused by EIEC or diagnostics of the EIEC even as. single 
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substances. The present invention is also especially directed to the use of at least one of the 
of the receptors chosen from the group: Gala4Gal-receptors, lacto receptors, neolacto 
receptors, sialic acid receptors, fucose-receptors, or mannose-receptors for infections 
caused by EEC or diagnostics of the EEEC. More preferably at least two of the receptors 
are used. These are preferred due to higher speficificty towards pathogenic organism. It is 
especially preferred to use the high affinity forms of the receptors in group lacto receptors, 
neolacto receptors and fiicose receptors. 



The present invention is also directed to the treatment of EDEC infections by blocking of 
10 the first contact receptors of the EIEC-adhesion to human gastric epithelium, especially by 
using at least one of the receptor oligosaccharide chosen from the group: lacto receptors, 
neolacto receptors, fucose-receptors, sialic acid receptors, and mannose receptors. More 
preferably at least two of the receptors are used In another embodiment at least one of the 
first contact receptors and more preferably at least two of the first contact receptors is/are 
15 used together with at least on of the second contact receptors in the group Gala4Gal- 
receptors, lactosylceramide-receptors and gariglio receptors. 

In a preferred embodiment high affinity variant of the preferred receptor oligosaccharide 
sequeaces according to the present invention are used. 

It is also preferred to use monovalent receptors and polyvalent receptor conjugates 
according to the present invention in connection with EffiC. 

Use of the methods and compositions according to the invention for animal tfaeraphies . 
25 In a specific embodiment the invention is used for treatment of infections of cattle or pet . 
animals. The binding specificities of animal infecting bacteria are different from the hurnan 
** .*' pathogens: However, the general mechanisms using several specificities at the same time, 
"•5 . and use of polyvalent conjugates, especially soluble polyvalent conjugates jaccpirding to the 
# * 5 . invention^ are also preferred for use. with animals. The binding specificities are also 
V : 30 partially cross-reactive, and some of the receptor combinations described by the present 
*\ * • inyentibh are also useful for animal theraphies, and some bacterial strains spread from 

. animals like cows. According to the present invention several of the receptor 
** m l oligosaccharide sequences are present in gastrointestinal tract of animals such as cats and 
dogs and even in pigs. The cross-reactivity between a specific animal species or between a 
35 human and a specific animal for a specific stain cannot be known before the binding 

specificities are analysed. The most commdn E. coli bacteria causing infectious in animals 
such as K99 or K88-strains do not infect humans. 



: : 



• • * 



• • • 



51 

The present invention is especially directed to prevention of the transfer of the infections 
from animals to human beings and vice versa. Such transfer is an important mechanism in 
pathogenesis of many diarrheas such as diseases caused by EHEC including the so called 
hamburger disease. When cattle or food products from cattle or pets or other animals are 
5 transferred between countries there are also risks for spreading infectious diseases such as 
diarhhea. 

Replacement of traditional antibiotics 

The need of anti-infective therapies for animals is urgent as use of traditional antibiotics is 
10 not acceptable and even getting prohibited. The therapies aim to replace totally or partially 
the traditional antibiotics in animal nutrition and treatments. 

The present invention show receptor sequences which are also described for animals living 
in proximity to humans and they probably have a role in the transfer of the infection from 

15 cattle to human. The present invention also shows actuai binding of human diarrhea- . 
causing K coli bacteria to animal glycolipds. Some of the glycplipid receptors are same . 
between animals and human intestinal tissues. The present invention is also directed to the 
receptors which are specific for animals, several animal specific receptor, or receptors more 
common in animals. Preferred animals to wWch the invention is directed are major cattle 

20 or farm animals such as cows and other domestic ruminants, pigs, sheep, horses, poultry 
including for example hens, ducks and turkeys and rabbits or pet animals such as dogs, cats 
or rodents speci?s including mice arid rats or hamsters or guinea pigs and rabbits.. Most of 
the conjmon pet ianimal can be also used as laboratory animals, whose healthy is important 
for the experiments. Animals may also be in need of theraphy in nature or in sanctuaries or 

25 in zoos for example. Primates, especially chimpanzees and apes, are especially at risk of . 
being infected by human pathogens as they the most close human relatives. Most preferred 
animal species to be treated according to the invention are dogs, cats; pigs and cows. 

The present invention is also directed to the search of animal specific receptors for diarrhea 
30 causing bacteria. . 

The N-glycolyl-neuraminic acid containing oligosaccharide sequences are mostly animal 
specific as biosynthetic enzymes making this structure are not present in humans. The 
human, receptors comprising this monosaccharide are probably synthesized from 
35 . monosaccharide arising from animal foods. NeuGc is a common monosaccharide in many 
animals. Glycopeptides comprising this monosaccharide has been used against diarrhea in 
calves against animal specific K99 E. coll Present invention describes several NeuGc- 
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oligosaccharide sequences which can be used in animals when the animal is infected by 
cross-reactive E.coli. 

Ex vivo uses of the present invention 
5 It is realized that the present invention can be used for inhibition of pathogens especially 
diarrhea causing E. coli ex vivo and such method have use in disinfection and 
preservevation type applications. It is preferred to use the receptor oligosaccharide 
sequences according to the present invention as part of single substances or as single 
substances or more preferably as composition comprising at least two receptor 
10 oligosaccharide sequences from different groups according to the present invention for 
inhibition pathogens, preferably is. coli ex vivo. Polyvalent conjugates according to the 
present invention especially soluble polyvalent conjugated 

pathogens, preferably diarrheagehic E. coli, are preferred for ex vivo uses. One special ex 
vivo embodiment of the invention is the cleansing or disinfection of surfaces, e.g. , of 
15 tables, medical devices and packages, in hospital or hospitaMike enviroment with a 

cleanser or disinfectant containing the receptor oligosaccharide sequences described in the 
. : present invention. The receptor saccharides described by the invention can also be used as 
ingredients in a soap or detergent used for washing or bathing of patients in hospital or 
' hospital-like enviroment 

20 . 7 . " • - ■ ■ / ■•' 

Oral infections and oral health products 

It is realized that infections targettedby the present invention spread through oral route, . 
possibly, also from nose td the oral cavity . The present invention is directed to the 
prevention of the infections already in human mouth. .The present invention is directed to 
25 the tr^ateaent of oral infections by at least two different oligosaccharide sequences which 
can.inhibit at least two different binding specificities of pathogen, preferably orally 
■ . ; infecting bacterium and more preferably a diarrhea causing bacterium. It is preferred to use 
thereceptbr pligosacclmride sequences according to the present invention as part of single 
\ substanbes or as single siibstances or as composition comprising iat le^st two receptor 
3d oligosaccharide sequences from different groups according to the present invention for 
inhibition of oral or nasiil infections'. According to the present invention the receptor 
oligbsaccharide sequences according to the present invention are used as compositions or 
as separate substances in products inhibiting pathogens, called here mouth hygiene 
products, ill human mouth. 
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It is realized that human mouth comprises similar receptors as human intestine especially 
on proteins at least aeolacto-receptors, mannose receptors and oligosaccharide receptors 
resembling fiicbse receptors according to the present invention. As a separate embodiment 
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it is realized that the substances and impositions according to the present invention are 
also useful in inhibiting pathogens causing caries. In a specific embodiment the present 
invention is also directed to the compositions according to the present invention for 
treatment of other orally'spreading infections such as infection causing otitis media or lung 

5 infections including influenza, bronchitis or pneumonia. The mouth hygiene products 
according to the present invention can also be directed against caries, otitis media, 
bronchitis and pneumonia. In a specific embodiment the composition to used in mouth 
hygiene product or for inhibition of a pathogen infecting orally comprises at least 
oligosaccharide sequences Neu5Aca3Galp*4GlcNAc and/or Neu5Aca3Galp4Glc or more 

10 preferably Neu5Aca6Galp4GlcNAc and/or Neu5Aca6Galp4Glc and it is directed at least 
against human influenza virus, preferably for prophylajtis of influenza virus. 

The present invention is especially directed to mouth hygiene products comprising 
substances or compositions comprising pathogen inhibiting oligosaccharide sequences, 

15 especially oligosaccharide sequences according to the invention. The mouth hygiene 
product is preferably selected from the group consisting of tooth pastes, mouth wash 
solutions, mouth tablets, chewing tablets, and chewing gums. It is preferred to use either 
monovalent receptor oligosaccharide sequences or polyvalent receptor oligosaccharide 
sequences. In another preferred embodiment the mouth hygiene product comprises 

20 polyvalent oUgosaccharide sequences according to the present invention. Due to size of 
human mouth arid volume of liquid saliva on its surface relatively small amount of 
oligosaccharides lis enough to obtain saturatmg rating concentrations of pathogen 
inhibiting receptors in mouth. The typical amounts of receptor active monovalent epitopes 
varies from about 100 nmol to 1 00 junol of die receptor active oligosaccharide, (at 

25 molecular weight 1000 Da this would be 100 ng to 100 mg). More generally useful 
amounts are estimated to be between about i -10 \xmdl In. a separate embodiment the 
present invention about 
'.*":'• nasal sprays; The nasal sprays can be directed against otitis media or lung infections. 



30 Topical, washing and cosmetic products 

It is realized that the common pathogens can spread on human surfaces such as human 
skin, genital epithelia, hair, ^homehold surfaces, and othCTSih^aces inhuman 
The oligosacchride sequences according to the present mvention are also useful for 
prevention of the pathogens also in these envfronments. It is therefore also preferred to use 
35 the oligosaccharide sequences according to the present mvention as smgle substances, as 
part of single substances, or as composition comprising at least two receptor 
oligosaccharide sequences from different groups according to the present invention in 
topical or cosmetic products, for example as creams, lotions, or gels. It is also preferred to 
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use the substances or compositions according to the present invention products aimed for 
washing human skin, hair or genital epithelia, (which can be also called as personal 
hygiene products), or for household surfaces, dishes or clothes. Traditional antibiotics have 
been aimed for use of household washing solutions, but are not useful because of 
resistance problems which are not likely with the substances according to the present 
invention. In preferred embodiment polyvalent oligosaccharide sequences are used for 
washing solutions, in another preferred embodiment monovalent ohgosaccharide 
sequences are used for washing solutions. 

Food safety products to be applied to foods or fe eds, beverages, drinks and water 
Besides the therapheutic uses in humans or in animals the invention is also directed to the 
use of receptors and compositions according to the invention for the prevention of* the 
infections by using the invention to neutralize pathogens or bacteria inside or on surfaces 
of food products. Carbohydrates according to the present invention can for example be 
applied on the surfaces of meat products or animal bodies, body parts in meat production 
to prevent the spreading of pathogens. Use of soluble and other polyvalent conjugates to 
cover and agglutinate die bacteria are preferred. A specific method to be used on a surface 
of a solid or semi-solid food product involves contacting the bacteria with the 
carbohydrates receptors described by the invention and optionally washing away the 
pathogen carbohydrate complexes . This kind of method is not acceptable with traditional 
antibiotics. The carbohydrates according to the invention can be also applied to liquid food 
products or concentrates or powder to make mese mcluding milk and liquid milk like 
products; : various beverages including juices, soft drinks, sport drinks, alcoholic beverages 
and the like. . . ■• '• 

In a specific embodiment the carbohydrate according to the mveition in polymeric form is 
applied to a liquid food product or a beverage product, potential pathogens are agglutinated 
by the polyvalent conjugate and the agglutinated complex is removed by a method based, 
on size or solubility of the coirolex. Non-soluble agglutinates can be.remoyed when these 
precipitate by standard methods like decanting the solution above the precipitate or more 
usually more effectively by filtration methods. 

Filtration methods . can be used to remove larger agglutinated complexes. 

Preferred foods to be treated with carbohydrates according to the invention includes 
various! animal food products, especially meat products and middle products in processing. 
Many : pathogens.including diarrhea causmg 5. co// bacteria are transmitted ef^^^ 
from vegetables, fruits, salads and other plant foods which are not properly washed. The 
food stuffs needing washing, but not washed properly or washed with contaminated water 
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are especially problematic in developing countries. The present invention is also directed 
to methods for increasing food safety of plant foods and other foods in need of washing to 
. control the amount of pathogens, especially pathogenic E. coli bacteria in the food 
products! The inventiorils especially directed to home customer products and products 

5 aimed for the food industry to prevent infections from food. The product is preferentially 
in solid form as powder or pill or in a capsule containing solutions of the receptors 
according to the invention, which can be applied to food under processing. Such product 
can be used to prevent diarrheas in developing countries especially diarrheas in children. 
The food safety product is also directed to the prevention of travellers diarrheas. 

0 The food safety products and feed safety products below can be considered as novel safe 
preservatives. 

Filter products to purify beverages and water 

Contaminated drinks and water are major cause of gastrointestinal diseases, especially 
.5 diarrheas. 

The receptors according to the present invention can be also used to make filters to purify 
pathogens, especially bacteria from liquid food and beverages and water, especially water 
used for drinking and preparing foods. Preferentially at least two recptor structures are 
used. Methods are knoWn to produce solid phase materials to which carbohydrate 
20 sequences are cbnjugtated to be used;as filters for example from cellulose or plastics or 
agarose and similar materials. The filters according to me invention also includes affinity 
cinematography material known in the art Methods to remove bound materials from such 
filters are known and in a specific embodiment the filter is regenerated by removing the 
contaminant and optionaUy.sterilizing the filter by heat or other sterilizing means. 

25 :■■ ' : . ■;■ v : .'' - 

Feed safety products 

The food safety products described above can be also applied to animal solid and liquid 
feeds and drinking waterbf animals. Preferred target ammals. to be protected includes pet 
. animals, especially cats and dogs, and cattle or farm animal such as cows and other : 
30 domestic rurninants, pigs, sheep, horses; poultry including for example hens, ducks and 
turkeys, and rabbits. . 

Water, food and feed safety analytics. 

Standard analytic and diagnostic methods in Combination with the receptor carbohydrates 
35 according to the invention can be applied to water, beverages, foods arid feeds to measure 
presence pathogens binding to the receptor carbohydrates. The knowledge of the binding 
specificities of contaminating pathogens can be applied to design of theraphy when 
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patients are infected or to methods for food safety remove or control pathogens as 
described above. 

Other carbohydrate based interactions which c an be inhibited according to the invention 
5 Beside inhibiting different types of adhesin presentations the invention can be also used to 
inhibit carbohydrate-carbohydrate interactions and carbohydrate-lectin interactions. 

The carbohydrate compositions and substances comprises of oligosaccharide sequences. 
The oligosaccharides inhibit one or several pathogens by binding one or several pathogens 
10 and/or by binding the receptors of one or several pathogens. Preferentially at least two 
pathogen inhibiting oligosaccharide sequences are used and more preferentially at least 
three pathogen inhibiting oligosaccharide sequences. In other embodiments at least four, 
five, six ,; or seven pathogenesis inhibiting oligosaccharide sequences are used 

15 In specific theraphies one or several of the oligosaccharide sequences are given separately 
at different time points. This is especially useful when the administration of all the 
oligosaccharide sequences would have negative effects on the normal flora. The separate 
administration of the therapheutic compositions can be useful also because of effect of 
nutritional situation in the gastrointestinal tract could (change differently the stability of the 

20 on the oligosaccharide sequences according to the inventionin the gastrointestinal tract . 

. ; Use of the invention together with probiotic bacteria : 

When the invention is used to inhibit bacterial binding, especially multiple bacterial ; 

bindihgsi also some beneficial bactbrial bindings can be prevented. The normal bacterial - 
25 flora has many important functions for example in the humah gastrointestinal system. The 

destruction of the normal bacterial flora is however an eveii larger problem with use of 

traditional antibiotics. 

In a separate embodiment at least two pathogen ^biting:pUgbsa<*harides_ are 

30 administered together with a pro^^^ 

microbe-according to the invention represent a non-haffmfiil bacteria with beneficial 
functions* for exaniple in digestion of food, providing nutrients and vitamins or covering 
tissue surfaces from pathogenic bacteria. The probiotic bacteria comprise preferentially 
one or several or multitude of normal bacterial flora. In ^preferred embodiment the 

35 probiotic. bacterium comprise one or several types, strains, or species of lactic acid 
bacteria. ... - 
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The prebiotic substance, is a substance supporting the normal flora or probiotic microbe. 
Preferred prebiotic substances include prebiotic carbohydrates, such as galactose 
oligosaccharides, xylose. oligosaccharide, or fructose oligosaccharides used as prebiotic 
substances, the prebiotic'substances also include polysaccharides and fibers with prebiotic 
acticities such as inulin or midified starches. The present invention is also directed to the 
use of other polysaccharides which are used in food or for nutritional purposes such as 
chitosah or beta-glucans for example glucan from oats, which are used to reduce 
cholesterol and fats. In a preferred embodiment one or several pathogen inhibiting 
carbohydrates are chosen so that they are also prebiotic substances like carbohydrates with 
a non-reducing terminal beta linked galactose residue In a preferred form of theraphy 

a) pathogens and potentially part of the normal flora are first removed by one or more 
preferentially at least two carbohydrates according to the invention 

b) probiotic microbe and/or prebiotic substance are applied. 

Steps i and 2 may alsb.be applied in reversed order/preferably with a large amount of the 
probiotic microbe and/or prebiotic substance and then step one. According to : the invention 
it is also possible to repeat steps 1 and/or 2 several times while varying the order of the 
steps. Steps 1 and 2 may be applied at the same.time. The substances according to the 
invention can be acmiinistered together with probiotic microbe and/or prebiotic substance 
or alternatively probiotic microbe and/or prebiotic. substance can be included in me 
compositions according to the invention, and then steps 1 and 2 above can. be performed 
simultaneously/ ' 

Spine of me ohgbsaccharide sequences according to the invention are known to have 
prebiotic effects, these mcludes N-aceryl4actesamine type phgdsaccharide sequences, and 
fucosylated oUgosaccharidesi especiaUy to 

human milk oligosaccharides togemer with a probiotic microbe and/or prebiotic substance, 
especially N-acetyltotosamine containing for exaibple one or severalfrom the group y 
Lactb-Nrneotetraosey tacto-N-tetraose, Lacto-N-hexaosei Lacto-N-neohexaose, para- 
Lacto^N-hexaose,p^ and/or fucbsylatedoUgosaw derived 

from these such as and/or mono-di- or trifucosylated Lacto-N-tetraose (LNT) or/or Lacto- 
N-neotetraose ^NnT) and/ or fucosyl-lactose ohgosaccharides such as 2'&cosyl-lactose, 
and /or 3-fucosyllactose, and/or difucosyllactose. . .. - 

Other useful substances to be used with t be substances and/or compositions-according to 

the invention . ; 

According to the.present invention it is also.usbful to use the pathogenesis preventing. 

carbohydrate together with a glycosidase inhibitor. \ 
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According to the present invention it is also useful to use the pathogenesis preventing 
carbohydrate together with a lectin or another carbohydrate binding protein. The lectin can 
be used to block carbohydrate receptors, for example on the bacterial exopolysaccharides. 

5 Hydroxyl substance means ceramide comprising hydroxyl fatty acid or more preferrably an 
analog thereof. The analog is preferably a spacer conjugating the oligosaccharide sequence 
to the carrier. 

A preferred composion comprises mixtures human milk oligosaacharide backbones such as 
1 0 LNT and LNnT, and optimally with elongated or branched structures and/or natural sialic 
acid and fucose modifications. 

E: coli means herein bacterium Escherichia coli. The E.coli or Escherichia coli which is 
targeted by the present invention means diarrhea causing E. co/i or in other words 

15 diarrheagenic E. coli. The diarrheagenic E. coli means all types of E. coli including non- 
typed wild type strains of E, coli which cause diarrheas especially to humans. In more 
, . limited embodiments the ^ (uarrheagenicK co/i specificaUy mcludesfee fiv 

the diarrhea causing E coli, namely EPEC (enteropamogenic^c/»erfc/ifeco/0, ETEC 
(enterotoxigenic Escherichia, coli ), EHEC (enterohemorrhagic Escherichia coli), EAEG 

20 (enteroaggregative Escherichia coli) and EffiC (enteiroinyasive Escherichia coli). The . 
abbreviations such as EHEC also mean multiple strains of the specific type of E. coli, 
multiple strains can be also mdicated by letter s after the abbreviation lake in "EHECs". . 

In this inyehtipn the terms "analog'' and ''derivative'' are defined as follows. According to 
25 •'•me present mvention it is possible to'.design>tnictural analogs or derivatives of the 

Escherichia coli binding oUgosaccharide sequences. Thus, the invention is also directed to. 
the stmcrural analogs of the. substances ac^ording to the invention.. The structaral analogs 
accbfdlng to the invention comprises the structoial elemente mipbrtant for ^e bMding of : 
Escherichia coli to i the ohgpsaccharide sequences. For design of effective structural 
30 analogs it is important to knowthe stmcrural element important for the binding between. 
Escherichia coli and the saccharides. The important structural elements Tare preferably not 
modified or these are modified by very close mimetics of the important structural element 
These elements preferably include the 4-, and 6-hydroxyl groups of the .Gai04 residue in 
the trisaccharide and oligosaccharide epitopes. Also the positioning of the linkages * 
35 between the ring structures is an nnportant structural element For a high affinity binding 
the acetamido group or acetamidb minucking group is preferred in the position 
corresponding to the. acetamido group of the reducing end-Glcl^ Ac of the di- of 
trisaccharide epitopes. Acetamido group mimicking group may be another amide, such as 
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alkylamido, arylamido, secondary amine, preferentially N-ethyl or N-methyl, O-acetyl, or 
O-alkyl for example O-ethyl or O-methyl. 

The structural derivatives according to the invention are oligosaccharide, sequences 
5 according to the invention modified chemically so that the binding to the Escherichia coli 
is retained or increased. According to the invention it is preferred to derivatize one or 
several of the hydroxyl or acetamido groups of Ihe oligosaccharide sequences. The 
invention used to describe several positions of the molecules which could be changed 
when preparing the analogs or the derivatives. Preferred derivatives of the receptor 
10 oUgosaccharide sequences according to the present invention include reducing-end 

derivatives of the oUgosaccharide sequences. Multiple derivatization methods are known 
to link oligogosaccharides to other carbohydrates, aglycon molecules or various carriers, 
The Cl-carbon of the reducing end monosaccharide residue can be linked through a 
sulpkur, carbon or nitrogen atoms to other carbohydrates, aglycon molecules or various 
15 carriers, especially polyvalent carriers. Methods such as reductive animation can be used 
when the pathogen binding carbohydrate epitope is not destroyed by opening the reducing 
end monosaccharide residue. Derivatives of acetamido groups are also preferred. 
Acetamido- groups can be deacetylated and derivatized for example by other carboxyUc 
acids, the acetaniido-derivatives can be screened for better pathogen binding. The 
20 derivatives can also be produced from precursors of the oUgosaccharide to be derivatized 
for example from oUgosaccharide' sequences comprising hexosamine-residues. Methods to 
produce oUgosaccharide analogs for the binding of a lectin are weU known. For example, 
numerous analogs of sialyi-Lewis x oUgqsaOT 
: active functional groups on different scaffolds, see page 12090 Sears and Wong 1996. 
25 Similarly, analogs of hepariri oUgosaccharides has been produced by Sanofi corporation 
and siaUc acid-niinticking inhibitors such as Zah^vir and Tamffiu (Relenza) for the 
siatidase enzyme by; numerous ^groups. Preferably me oUgosaccharide analog isbuiit ona 
molecule comprising at ieast one six- pr fiye-me^ stmtture, more preferably the 

analog contains at least two ring structures comprising 6 or .5 atoms. 

30 ' - ' ';. :- r .V'- - .:' •" .." • • : •• ••• . 

|n mimicking structures monosaccharide rings may be replaced rings such as cyclohexane, 
or cyclopentene, aromatic ^ rmgs. mcludmg benzene rmg,'hete^ structures may 

comprise besides oxygen for example nitrogen, and sulphur atoms. To lock the active ring 
conformations the ring structures may be interconnected by tolerated tinker groups. 

35 Typical mimetic structures may also ^comprise peptide analog-stractufes for the 
oUgosaccharide sequence or part of it. 

The effects of the active groups to binding activity are cumulative and lack of one group., 
could be compensated by adding an active residue on the : pther side of the molecule. 



60 



Molecular modelling, preferably by a computer can be used to produce analog structures 
for the Escherichia coli binding oligosaccharide sequences according to the invention. The 
results from the molecular modelling of several oligosacharide sequences are given in 
examples and the same or similar methods, besides NMR and X-ray crystallographic 
methods, can be used to obtain structures for other oligosaccharide sequences according to 
the invention. It is also noted that the monovalent, oligovalent or polyvalent 
oligosaccharides can be activated to have higher activity towards the lectins by making 
derivatives of the oligosaccharide by combinatorial chemistry. When the library is created 
by substituting one or a few residues in the oligosacharide sequence, it can be considered 
as derivative library, alternatively when the library is created from the analogs of the 
oligosaccharide sequences described by the invention. A combinatorial chemistry library 
can be built on the oligosaccharide or its precursor or on glycoconjugates according to the 
invention. For example^ oligosaccharides with variable reducing ends can be produced by 
so called carbohydrid technology. In a preferred embodiment a combinatorial chemistry 
library is conjugated to the Escherichia coli binding substances described by the invention: 
In a more preferred embodiment the library comprises at least 6 different molecules. Such 
library is preferred for use of assaying microbial binding to the oligosaccharide sequences 
according to the invention: Amino acids or collections of organic amides are commercially 
available and can be used for the synthesis of combinatorial Hbrary of acetamido analogs. . 
A high affinity binder could be identified from me combinatorial library for example by 
using an inhibition assay, in which the library compounds are used to inhibit the bacterial 
binding to the glycolipids or glycoconjugates described by the invention. Structural 
analogs and derivatives preferred according to the invention can inhibit the binding of the 
Escherichia coli binding bUgosaccharide sequences according to the invention to 
Escherichia coli. 

Neolacto^re^ Vnr analn p trisaccharide epitopes com prising glucose ait the reducing end 
Steric hjndrance by the lipid part or the proxunity Of the. silica surface probably may limit 
the measurement of the neolacto-analbgous epitope QlcKAcp3^p4Glc in current TLC- ' 
assay: Considering the contribution of the terminal monosaccharide to the bmding 
indicates that Glc could be allowed at the reducing end of the epitope, the trisaccharide 
epitopes with Glc at reducing.end are considered as effective analogs of the Escherichia 
coli binding substance when present in oUgovalent or more preferably in polyvalent form. 
One embodiment of the present invention is the saccharides with Glc at reducing end, 
which are used as free reducing saccharides with high concentration, preferably in the 
range 1-100 g/1, more preferably 1 - 20 g/L It is realized that these saccharides may have 
minor activity in the concentration range 0,1 - 1 g/1. 
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In the present invention the pathogen receptor or pathogen inhibitor by other words, 
especially receptors for diarrhegenic Escherichia coli, are described as oligosaccharide 
sequences. The oligosaccharide sequence defined here can be a part of a natural or 
synthetic glycoconjugate" or a free oligosaccharide or a part of a free oligosaccharide. Such 
oligosaccharide sequences can be bonded to various monosaccharides or oligosaccharides 
or polysaccharides on polysaccharide chains, for example, if the saccharide sequence is 
expressed as part of a bacterial polysaccharide. Moreover, numerous natural modifications 
of monosaccharides are known as exemplified by O-acetyl or sulphated derivative of 
oligosaccharide sequences. The Escherichia cbli receptor oligosaccharide sequence 
defined here can comprise the oligosaccharide sequence described as a part of a natural or 
synthetic glycoconjugate or a corresponding free oligosaccharide or a part of a free 
ohgosaccharide. The Escherichia coli receptor ohgosaccharide sequence can also comprise 
amixofthe&c^icWa^ 

embodiment the the oligosaccharide sequences according to the present invention are non- 
reducing terminal ohgosaccharide sequences, which means here that the ohgosaccharide 
sequences are not linked to other monosaccharide or ohgosaccharide structures except 
. optionally from the reducing end of the ohgosaccharide sequence. The ohgosaccharide 
sequence when present as conjugate d preferably conjugated from the reducing end of the 
ohgosaccharide sequence, though other linkage positions which are tolerated by the 
pathogen binding can be also used. In a more specific embodiment the ohgosaccharide 
sequence according to the present invention means the corresponding ohgosaccharide 
residue which is not linked by natural glycoside linkages to other monosaccharide. or . 
ohgosaccharide stoctures. The oligosaccharide residue is preferably a free ohgosaccharide 
or a conjugate or derivative from . the reducing end of the ohgosaccharide residue. 



The pathogen receptor .oligosaccharide sequences c?in be synthesized enzymaticsdly by ^ 
glycosyltransferases,.or by traiisglycosylation catalyzed by glycbsidase or transglycosidase 
enzymes CErnst etul y 2000). Specifities of these enzymes and the use 6f co-fectors earibe . 
engineered. Specific modmed enzymes can be used to obtain more effective synthesis, for 
example,; glycosynthase is modified to do transglycosylation only. Organic synthesis of the 
saccharides and the conjugates described herein or compounds similar to these are known 
(Ernst et a/., 2000). Saccharide materials 6an be isolated from natural sources and modified 
chemically or enzymatically into the pathogen receptor compounds. Naniral : ' 
oligosaccharides can be isolated from milks produced by various rummants-.Transgenic ;. 
35. organisms, such as cows or microbes, expressing glycosylating enzymes can be used for 
the production of saccharides. 



• 
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In a separate embodiment the pathogen receptor substance, when the oligosaccharide is not an 
asialo-gangliosacharide or lacto-receptor or neolacto-receptor, may be conjugated to an antibiotic 
substance, preferably a penicillin type antibiotic. The pathogen receptor substance targets the 
antibiotic to pathogen. Such conjugate substance is beneficial in treatment because a lower amount 

5 of antibiotic is needed for treatment or therapy against Escherichia coli, which leads to lower side 
effect of the antibiotic. The antibiotic part of the conjugate is aimed at killing or weaken the 
bacteria, but the conjugate may also have an antiadbesive effect as described by the invention. 
Present invention is specifically directed to composition comprising at least two receptor 
oligosaccharide sequences according to the.present invention as conjugates with a traditional 

0 antibiotic or several traditional antibiotics. The receptor oligosaccharide sequences and the 

antibiotic may be linked to a polyvalent carrier. The compositions are preferably targeted against 
gastromtestinal infection, more preferably agaiM diarrhea causing £. co/i. 

The pathogen receptor substances, preferably in oligovalent or clustered form, can be used to trfeat 
5 a disease or condition causedby the presence of the pathogen, preferably diarrhea causing 

Escherichia coli.TMs is done by using the Escherichia coli receptor substances for anti-adhesion, 
i.e. to inhibit the binding of Escherichia coli to the receptor epitopes of the target cells or tissues. 
When the Escherichia coli binding substance or pharmaceutical composition is administered it will 
compete with receptor glycoconjugates on the target cells for the binding of the bacteria,Some or 
20 all of the bacteria will.then be/bound to the Escherichia coli receptor substance, instead of the 
receptor on the target cells or tissues. The bacteria bound to the Escherichia coli receptor 
substances are then removed from the patient (for example by the fluid flow in the gastromtestinal 
tract), re^ltmgm reduced effe^^ 

substance used is a soluble composition comprising the Escherichia coli receptor substances. The 
25 substance can be attached to a carrier substance which is preferably not a ptotein. When using a 
carrier molecule seyeral moiecmes o^^ . . 

one earner and inhibitory efficiency is improved. 

It is shown "in the present invention m Escherichia cSii&ai bind several kinds of ohgosaccharide 
30 sequences. Some of the binding by specific strains may represent more symbiotic interactions 
which do not lead to severe conditions. Therefore total removal of the bacteria may not be 
necessary for the prevention of the diseases related to Escherichia coli. The less pathogenic 
bacteria may even have a probiotic effect in the prevention of more pamogenic . strains of 
. Escherichia coli. 
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According to.the invention it is possible to incorporate the Escherichia co/i.receptor 
substance, optionally with a carrier, in a pharmaceutical composition, which is suitable for . 
the treatment of a condition due to ' the presence ot Escherichia coli in a patient or to use 
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the Escherichia coli binding substance in a method for treatment of such conditions. 
Examples of conditions treatable according to the invention are and related gastrointestinal 
diseases, all, at least partially, caused by the Escherichia coli infection. 

5 The pharmaceutical composition containing the pathogen receptor preferably diarrhegenic 
Escherichia co/i-receptor substance may also comprise other substances, such as an inert 
vehicle, or pharmaceutical^ acceptable carriers, preservatives etc, which are well known 
to persons skilled in the art. The pathogen receptor, preferably diarrhegenic Escherichia 
co//-receptor-substance, can be administered together with other drugs such as antibiotics 

10 used against the pathogen Or specifically Escherichia coli. 

The pathogen receptor* preferably diarrheagenic Escherichia cp/z-receptor substance or 
pharmaceutical composition containing such substance, may be administered in any 
suitable way,..althdugh an oral administration is preferred. . 

15 .< 

The receptor oligosaccharide sequences according to the present invention are aimed for 
use in inhibition against pathogens, especially pathogenic bacteria, and the receptor 
oligosaccharide sequences are also referred.as pathogen inhibiting ofigosaccharide 
sequences. In more specific embodiments the pathogen is diarrhea causing E. coli and the 

20 receptor otigosaccharides are also referred as pathogen inhibiting oUgosaccharide 
sequences or as E. coff receptor substances. The naming of the specific receptor 
oUgosaccharide sequences arid other longer terms may vary with regard to use of dash or 
capital letter as first letter, for exam^ 
receptor" and "Lacto receptor" infean the same. 

The term "purified fraction'* used herein relates purified or isolated oUgosaccharide 
fraction from nataial or synthetic sources, m a preferred embodirrierit the amount of the 
-active oUgosaccharide sequnce or oUgosac^ 
. from me fiiction, optionaUy the amounts of otiier related carbohydra^ are also 

30 . analysed The purified . fraction has reduced amount of inactive substances originating from 
me source of thefraction, for example protein,; monosaccharide precursors, lactose, or fat. 
PotentiaUy harmful substances, such as harmful chemicals from synthesis, aUergenic 
proteins, or substances considered ethically harmful, for example by reUgious or diet 
. culture reasons, are removed to a level where these are not harmful in the final product. 
35 For medical use the purified fraction is preferably essentiaUy pure (i.e. a purity of 98 % or . 
better), or non-relevant substances are controUed and comprise preferably at least less than 
. half of the mass of the purified fraction, more preferably less than 20% of the mass of th? 
. purified fraction and.most preferably less than 5 % of the mass of ithe purified fraction. In a 



preferred embodiment of the invention, the production of the purified fraction from animal 
milk or milks involves at least partial removal of milk protein and/or fat The purification 
may comprise filtration methods, such as gelfiltration or ultrafiltration, as well as drying 
and/or concentrating steps. For non-medical use the purified fraction is preferably 
essentially pure or the non-relevant substances comprise preferably at least less than 95 % 
of the mass of the purified fraction, more preferably less than 75% of the mass of the 
purified fraction and most preferably less than 25 % of the mass of the purified fraction. 
The purified fraction may be used as such or together with other ingredients of the desired 
product 

The term ''treatment 1 * used herein relates both to treatment in order to cure or alleviate a 
disease or a condition, and to treatment in order to prevent the development of a disease or 
a condition. The treatment may be either performed in a acute or in a chronic way. 

The term "patient", as used herein, relates to any human or non-human mammal in need of 
treatment according to the invention. The present infection is especially directed for the 
treatment of mtestinal infections, especially diarrheas, when the patient is a human patient: 

It is also possible to use the pathogen receptor preferably diarrhegenic Escherichia coli- 
receptor substance in screening for substances that bind to the receptor substance, for 
example for screening of carbohydrates (by carbohydrate-carbohydrate interactions) that 
bind to the Escherichia coli : receptor substance. . The screening can be done for example by 
affinity chromatography. . 

Furthermore, it is possible to use substances specmcaUybmdmg ormactrvating the 
Escherichia coli receptor substances present on human tissues and thus prevent the binding 
of Escherichia doll Examples of such substances include plant lectins such asErythrina, 
c&tazaltttiAErytfo (Teneberg** al f 1994). When.used m.humans* 

the binding substance shovdd be suitable for such use such as a ^ humanized antibody or a 
recombinant glycosidase of human origin wWch is non-immunogenic and capable of 
cleaving the terminal monosaccharide residue/residues from jbe. Escherichia coli receptor 
substances; However, in the gastrointestinal tract, many naturally occuring lectins and 
glycosidases originating for. example from food are tolerated. 

Nutritional, food and feed uses 

Furthermore, it is possible to use the pathogen receptor oligosaccharide sequences or 
Escherichia coli receptor oligosaccharide as part of a nutritional composition including. 
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food- and feedstuff. It is preferred to use the receptor oligosaccharide sequences according 
to the present invention in isngle substances or as single substances and more preferably in 
composition comprising at least two receptor oligosaccharide sequences from different 
groups according to the present invention for nutritional compositions, foods, or feed stuffs. 
5 It is preferred to use the Escherichia coli receptor oligosacharide sequences as substances 
or compositions as a part of so called functional or functionalized food. The said functional 
food has a positive effect on the person's or animal's health by inhibiting or preventing the 
binding of Escherichia co// to target cells or tissues. The Escherichia coli receptor 
substance or composition can be a part of a defined food or functional food composition. 
The functional food can contain other acceptable food ingredients accepted by authorities 
such as Food and Drug Administration in the USA. The Escherichia coli receptor 
substance or composition can also be used as a nutritional additive, preferably as a food or 
a beverage additive to produce a functional food or a functional beverage. The food or 
food additive can also be produced by having .e.g., a domestic animal such as a cow or 
other animal produce the Escherichia coli receptor substance or composition in larger 
amounts naturally in its milk. This can be accomplished by having the animal overexpress 
suitable glycosyltransferases in its milk. A specific strain or species of a domestic animal 
can be chosen and bred for larger production of the Escherichia coli receptor substance or 
composition. The Escherichia coli receptor substance or composition for a nutritional 
20 composition or nutritional additive can also be produced by a micro-organisms such as a 
bacteria or a yeast. 

It is especially useful to have the Escherichia cq/j receptor substance or composition as 
part of a food for an infant; preferably as a part of an infant formula. Many infants are fed 
25 by special formulas in replacement of natural human milk. The formulas may lack the 
special lactose based bhgosaccharides of human niilk,. especially the elongated ones such 
as lact^-neotetraose, GalpMGlcNAc|53Gal^4Glc, lacto-N-letraose, 
Galp3GlcNAcp3Galp4Glc, and derivatives thereof. The lacto-N-tetraose, lacto-N- 
hebtetraose.para-lacto-N-hexaos^ 
30. lacto-N-neohexaose (GalfKGlcNAcP3Gaip4GlcNAcp3Galp4Glc) as well as 

Gaip3Gaip4Glc are known iom human milk and can therefore be considered as safe, 
additives or. ingredients in an infant food, Sialylated and/or fueosylated human milk 
. oligosaccharides arid buffalo milk ohgosaccharide GlcNAcP3Gaip4GlcNAcp3Gaip4Glc, 
described as pathogen receptors accordmg tp the present invention, are also preferred for 
35 functional foods and infant foraulas. It is preferred to us 

least two of the milk otigosaccharides. Diarrhea causing Escherichia coli is especially 
infective with regard to infants or young children, and considering the diseases it may 
later cause it is reasonable to prevent the. infection. 
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Preferred concentrations for human milk oligosaccharides in functional food to be 
consumed (for example, in reconstituted infant formula) are similar to those present in 
natural human milk. It is noted that natural human milk contains numerous free 
5 oligosaccharides and glycoconjugates (which may be polyvalent) comprising the 

oligosaccharide sequence® described by the invention, wherefore it is possible to use 
even higher than natural concentrations of single molecules to get stronger inhibitory effect 
against Escherichia coli without harmful side effects. Natural human milk contains lacto- 
N-neotetraose at least in range about 10- 210 mgA with individual variations (Nakhla et 
10 al., 1999). Consequently, lacto-N-neotetraose is preferably used in functional food in 

concentration range 0,01 -10 g/1, more preferably 0,01 - 5 g/1, most preferably 0,1 - 1 g/1. 
Approximately 2-5 times higher amounts of lacto-N-tetraose can be used. Alternatively, 
the total concentration of the saccharides used in functional food is the same or similar to 
the total concentration of natural human milk saccharides, which bind Escherichia coli like 
15 the substances or composition described, or which contain the binding 
epitope/oligpsaccharide sequence indicated in the invention. 

Infant formulas also comprise, beside substances or (jomppsitioM accordmg.to.the present 
invention, other substances used in infant formulas such as fractions from ruminant milks 
20 such as proteins from whey or soy protein preparations or protein hydrolysates. The infant 
formula may also comprise othericarbohydrateS useful or accepted for infant formulas such 
as lactose or galactose oligosaccharides.. 

Diagnostic and analytical uses related to tharapheutical uses 
25 Furthermore, it is possible to use the Escherichia co/i binding oHgosaccharide receptors 
according to the present invention m me diagnosis of a condition ca^^^ 
coli infection; Diagnostic uses also mcmde me use 

■ substance for typing ^Escherichia colt The typing of £ coli With regard to binding of the 
carbohydrate receptors accordmgto^ 
: 30 effective combination of therapheutic carbohydrates for a. ^ 
.•••! strain. This; can be useful for making specific lower cost theraphies for.local.infections, the 

profiles of carbohydrate bindings of nkjor marrhea causing i co/i may differ in different 
. . geographic locations and during epidemics. 

• • . ■ . ■ 

35 Novel protein bound re ce ptors in hi iman gastrointestinal tract. . . 
: Present invention shows novel receptors in human gastrointestinal tract These receptors 

.'* :: : arepresentohglycoprotemsandaremerefore^ 

infectmgpathogens. The present invention is directed to the use of the novel protein linked 
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receptors for analysis for binding of pathogens to human gastrointestinal tract. The present 
invention is directed to the use of the novel protein linked receptors for diagnostics for 
pathogens of human gastrointestinal tract 

5 . Samples of protein linked carbohydrates from different position on the gastrointestinal 
epithelia were analysed. The novel protein linked receptors include protein bound lacto- 
receptors, leolacto-receptor, fucosyl receptors, mannose receptors or sialic acid receptors 
according to the invention. The novel protein linked receptors can be used for binding 
assay as released oligosacharides or oligosaccharide derivatives, alternatively the protein 

.0 linked oligosaccharide sequences can be used as isolated glycoproteins. Corresponding 
oligosaccharide sequences can be also produced synthetically. In a preferred embodiment 
at least part of O-glycan or N-glycan core structure of the natural protein linked receptor is 
included, in diagnostic or analysis substances. It is especially preferred to use the sequence 
to analyse pathogen binding towards the novel protein linked receptor when the pathogen 

15 is infecting toe part of toe gastrom^ 

receptor is abundant or especially found. 

The novel protein linked receptors can be used for a search or design of analogous 
oligosaccharide substances. The analogous substances can be merapheutically useful or 
20 can be used for diagnostics of diarrhea. It is especially preferred to search or design 
structures for which there is avauable effective and econoinical synmesis. : 

Structural analysis revealed some preferred protein linked receptor to; be used for analysis 
or diagnostics with regard to human infections. The mannose receptors are N^glycah type 
25 otigosaccharides. The present invention is directed to.diagnostic and analytic uses of. high- 
mannose or multimahnose type N-glycans. The present invention is especially directed to 
the uses of high-mannbse N^glycans coinprising phophate esters. The ttiahnbse receptors 
. are present m aU/majW 

linked btigosaccharide sequences are in a preferred embbdimeht NjUnked glycahs, the 
30 neolactb-type receptors are present inali parts ofgastiointestinal tract. The lacto-receptor 
was especially, observed on glycoproteins of intestinal tissue. The lacto-receptor is more 
preferentially present pin ^O-glycan type sequence, . 

Severaifucosylated novei protein bound receptors were found. Lewis a-type sequences 
were especially found in intestine and. larynx. Other novel fucosylated receptors useful for 
35 . analysis. of hunianpatoogeh binding includes O-glycans comprising ^Fuca2Gal-structures, 
which are present especially on human stomach. 

Sialylated novel protein hnked receptors includes NeuNAca3Gal- and NeuNAca6Gal - 
structures, NeuNAca3Gal- is in a preferred embodiment present on a N-linked glycan and 
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NeuNAca6Gal-stractures are preferentially present on both N-linked and O-linked 
glycans. 

The novel protein linkedreceptors can be also used for search of substances which can 
inhibit the binding of the pathogen to the novel protein bound receptor. The substance may 

5 be an antibody, for example an antibody present in milk, which can bind to carbohydrate 
receptor binding substance on pathogen. The inhibiting substance may also be a lectin 
binding to the novel protein linked receptor, the lectin may be for example a food lectin. 
In a specific embodiment it is also realized that the novel protein linkeid receptors can be 
used as receptors or substrates for probiotic bacteria, which adhere and bind or is able to 

10 degradate the structure. 

In a specific embodiment it is also realized that the the novel protein linked receptors can 
. be used for diagnostic or analytical methods to analyze the bindings of intestinal pathogens 
to the receptor structures and smaller derivatives or anlogues thereof. 

15 • ... / " : -' . \. 

. When the substance is used for diagnosis or typing, it may be included in, e.g.;.a probe or a 
test stick, optionally constituting a part of a test kit. When this probe or test stick is brought 
into contact with a sample containing Escherichia coli, the bacteria wili bind the probe or ■ 
test stick and can be thus removed from the sample and further analyzed. In a preferred 

20. embodiment the test kit comprises at least two oligpsaccharide receptors according to the 
present invention, more preferably the test kit comprises at least three and most preferably 
at least four oligosaccharide receptors according to the present invention. In a preferred . 
. embodiment the test Wt comprises seven or all of the pligosacchapde receptors according 
to the present invention; 

25 ' . ; • . V,. ■ " 'V'V - • • ': ' ; ■ 

' The glycolipid stnictares are na ; 
: membranes. This type of representation can be mimicked by the solid phase assay 
described below or neoglycolipids.; 

30 the present novel neojglycoUpids produced by reductive 

hexadecylaniline were abie tp provide effective presentaticm of the oligosaccharides. Most 
previously kno>yn rieoglycolipid conjugates used for binding pf bacteria have contained a 
negatively charged groups such as phosphor ^ ester ^of phosphadityl ethanolamine 
neoglycolipids. Problems of Such compounds are negative charge of the substance and 

35 naturd: biological binding involving the phosphoUpid slracto 

/ molecules are lcnown to be involved in numerous non-5pecific bindings with proteins and 
: other biological substances. Moreover,, many of these structures are labile and can be . 
enzymktically or chemically degraded The present invention is directed to the non-acidic 
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conjugates of oligosaccharide sequences meaning that the oligosaccharide sequences are 
linked to non-acidic chemical structures. Preferably, the non-acidic conjugates are neutral 
meaning that the oligosaccharide sequences are linked to neutral, non-charged, chemical 
structures. The preferredcbnjugates according to the invention are polyvalent substances. 

In the previous art bioactive oligosaccharide sequences are often linked to carrier 
structures by reducing a part of the receptor active oligosaccharide structure. Hydrophobic 
spacers containing alkyl chains (-CH 2 -)n and/or benzyl rings have been used. However, 
hydrophobic structures are in general known to be involved in non-specific interactions 
10 with proteins and other bioactive molecules. 

The neoglycolipid data of the examples below show thaturider the experimental conditions 
used in the assay the hexadecylaniline parts of the neoglycolipid compounds do not cause 
non-specific binding for the studied bacterium In the neoglycolipids the hexadecylaniline 
15 part of the conjugate forms probably a lipid layer like structure and is hot available for the 
binding: The invention shows that reducing a monosaccharide iraidue belongtog to the 
binding epitope may destroy the binding. It Was further realized that a reduced 
monosaccharide can be used as a hydrophilic spacer to link a receptor epitope and a 
polyvalent presentation structure. According to. toe myention it is preferred to link the 
20 bioactive oligosaccharide via a hydrophilic spacer to a polyvalent or multivalent carrier 
molecule to form a polyvalent or bligovalent/multivalent structure. All polyvalent 
(comprising more than 10 receptor active oligosaccharide residues) and 
oUgovaien^mmtivalent structoreS (cornprismg 2-10 receptor active oUgosaccharide 
residues) are referred here as polyvalent structures, though depending on the application 
25 oligovalent/multivalent constructs can be more preferred than larger polyvalent structures. 
The hydrophilic spacer group comprises preferably at least one hydroxyl group. More 
preferably the spacer comprises at least two hydroxyl groups and inpst preferably the 
spacer cotoprises at least three hydroxyl groups: " 
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30 According to the invention it is preferred to use polyvalent conjugates in which the . 

hydrophilic spacer group linking toe oligosaccharide sequences to polyvalent presentation 
structure is preferably a flexible chain comprising one or several M3HOH- groups and/or 
an amide side chain such as an acetamido -NHCOCH3 or an alkylamido. The hydroxyl 
groups and/or the acetamido group also protects the spacer from enzymatic hydrolysis in 
: 35 vivo, the term flexible means that toe spacer comprises flexible bonds and do not form a 
ring structure without flexibility. A reduced monosaccharide residues such as Ones formed 
by reductive amination in the present invention are examples of flexible hydrophilic 
spacers. The .flexible hydrophilic spacer is optimal for avoiding.non-specific binding of 



/ . 



70 

neoglycolipid or polyvalent conjugates. This is essential optimal activity in bioassays and 
for bioactivity of pharmaceuticals or functional foods, for example. 

A general formula for a conjugate with a flexible hydrophilic linker has the following 
5 Formula 2: 

[OS -O- .pC)ii-Li-CH(H/{CHi.20H}pi) - {CH,OH} p2 - {CH(NH-R)} pj - {CHiOH} p4- LJm-Z 

wherein Li and Li are linking groups comprising independently oxygen, nitrogen, sulphur 
1 0 or carbon linkage atom or two linking atoms of the group forming linkages such as -O-, - 
S-, -CH 2 -, -N-, -N(COCH3K amide groups -CO-NH- pr-NH-CO- or-N-N- (hydrazine 
derivative) or amino oxy-linkages -O-N- and -N-O-. LI is linkage from carbon 1 of the 
reducing end monosaccharide of X or when n =0, U replaces -O- and links directly from 
the rjeducing end Gl of OS. 

15 " ' ' '' ...... ' ' . ' • 

.. pl> p2, p3, and p4 are independently integers from 0-7, with the proviso that at least one of 
pi, p2, p3, and p4 is at least 1. CHi- 2 OH in the branching term {CHi- 2 OH}pi means that the 
chain terminating group is CH 2 OH and when the pi is more than 1 there is secondary 
alcohol groups -CHOH- linking the tenninating group to the rest of the spacer. R is 

20 preferably acetyl group (-COCH3) or R is an alternative linkage to Z and then U > one or 
two atom chain terminating group, in another embodiment R is an analog fonning group 
comprising Cu acyl group (preferably hydrophilic such, as hydroxy, alkyl) comprising 
amido structure or H or Cm alkyl forming an amine. And m > 1 and Z is polyvalent carrier. 
OS and X are defined in Formula.!. 

25 : - ;'• :." ';• ■ : ' ' •'' •".'••"'V. ' .. ' 

■ Preferred polyvalent structures comprising a flexible hydtophilic spacer accprding to 
formula 2 include Esqherichid coli binding otigosaccharide sequence(OS). fJl-3. linked to 
Gaip4Glc(red)-Z, and pSp6GlcN^^ . 
means the amine linkage structure formed by reductive animation frpm the reducing end 
30 mdnosaccharides tod an amine group of the polyvalent carrier Z, . 

In the present invention the oUgosaccharide group is preferably linked in a polyvalent or an 
pUgovalent form to a carrier which is not a protein or peptide to avoid antigenicity and 
possible allergic reactions, preferably the backbone is a 'natural non-antigenic 
35 polysaccharide.. : 

.Therefore the some of optimal polyvalent rion-acidic substances to be used according to 
the invention comprises, a tormina! oligosaccharide sequence 
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GalCNAcXi/GlcCNAc^pSGal^GlcCNAc^ 

wherein rl,r2, and u are each independently 0 or 1, 
i More preferably u=6 and 

most preferably the oligosaccharide sequence presented in polyvalent form is 

GlcNAcp3Galp4GlcNAc . 

or an analog or derivative thereof. 

) '• • . • ; . 

Glycolipid and carbohydrate nomenclature is according to recommendations by the 
IUPAC-IUB Commission on Biochemical Nomenclature (Carbohydrate Res. 1998, 312, 
167; Carbohydrate Res. 1997, 297, 1; Eur. J. Biochem. 1998, 257, 29). 

5 It is assumed that Gal, Glc, GlcNAc, and Neu5Ac are of the P-configuratioh, Fuc of the L- 
configuration, and all the monosaccharide units in the pyranose form. Glucosamine is 
referred as GlcN or GlcNH 2 and galactosamine as GalN or GafiNH* Glycosidic linkages 
are shown partly in shorter and partly in longer nomenclature, the linkages of the Neu5 Ac- 
residues a3 and a6 mean the same as o2-3 and <*2-6, respectively, and with other 

10 monosaccharide residues al-3; pl-3, pi-4, and pi-6 can be shortened as a3, P3, 04 and 
p6i respectively. lActosamine refers toN-acetyuactosamine, GalpMGlcNAc, andsialic 
acid is N-acetymeuraminic acid (Neu5Ac) or N-glycolymeuraminic ac|d (NeuSGc) or any 
. . omer natural sialic acid- Term glycan means here broadly oiigbsaccharide or 

polysaccharide chains present in human/or animal glycoconjugates, especially on . 

25 glycolipids or glycoproteins. In the shorthand nomenclature for fatty acids and bases; the 
number before the colon refers to. the carbon cham lenght and the number after the colon 
: gives the total number of double bonds in .the': hydrocarbon chahi. Abbreviation GSL refers 
. to giycbspbingoUpid, Abbreviations or short names or symbols^ glycosphu^pids are. : 
giVeh m me text and Ta^^^ 

30 Escherichia coli: 

The expression "terminal oUgosaccharide sequence" indicates that the oligosaccharide is 
not substituted to "the non-reducing end terminal residue by another monosaccharide . 
35 residue..' .' 

The term "a3/p3" indicates that the adjacent residues in an oUgosaccharide sequence can 
be either <x3- or p3- linked to each other. .'" 



The present invention is further fflustrated by the following examples, which in no way are 
intended to limit the scope of the invention: 

EXAMPLES 

EXPERIMENTAL PROCEDURES. 

Culture Conditions and Labeling — The E. coli strains.were cultured on Luria-agar with 
the addition of 10 \il 35 S-methionine (400 uCi; Amersham Pharmacia Biotech, U.K.) at 37 
°C for 12 h; The bacteria were harvested by scraping,. Washed three times with phosphate- 
buffered saline (PBS), pH 7.3, and thereafter resuspended in PBS (with or without 1% 
mannose (w/v)) to 1x108 CFU/ml. The specific activities of the suspensions were 
approximately 1 cpm per TOO bacteria. 

Reference GlycosphingoUpids — Total acid and non-acid glycosphingolipid fractions were 
obtained by standard procedures (1). The individual glycosphingoUpids were isolated by 
repeated chromatography on silicic acid columns of the native glycosphingolipid fractions, 
or acetylated derivatives thereof. The identity of the purified glycosphingoUpids was 
confirmed by mass spectrometry (2), proton NMR spectroscopy (3), and degradation 
studies (4, 5). - 

Preparation of rieoglyco lipids. Oligosaccharides wi^^ 

"otigosacci^ = 
,GlcNAcp3Galp4GlcNAcp6GlcNAc from Carbion Oy, Finland, and mannose 
oUgpsaccharide was from Dextralabs, UK were reductively aminated with 4- . . 
hexadecylamlme (abbreviatton H^ Sweden) by ' 

cyMoborbhyd^ The producte were .. 

cnatacterizdd by mass specfrome%an4 w to b ? reductively antinated . 

. conjugated of the "otigosacharides and.HDA. . : \ 

Thin-Layer Chromatography Thin-layer chromatography of glycosphm^ 
performed on glass- or aluminum-backed silica gel 60HPTLC plates (Merck, Darmstadt,. 
Germany), using cWoroforni/methanol/water 60:35:8 (by volume) as solvent system 
Chemical detection was done with anisaldehyde (6). 

GlycosphingolipidBindingAssfys — Bin 

glycosphingoUpids on thin-layer cfroinatograms was done as reported (7). Dried 
chromatograms were dipped for 1 min in diethylether/n-hexane (l:5,.by volume) . .. 
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containing 0.5% (w/v) polyisobutylmethacrylate (Aldrich Chem. Comp. Inc., Milwaukee, 
WI). After drying, the chromatograms were soaked in PBS containing 2% bovine serum 
albumin (w/v), 0.1% NaN 3 (w/v) and 0.1% Tween 20 (by volume) for 2 h at room 
temperature. The chromatograms were subsequently covered with radiolabeled bacteria 

5 diluted in PBS (2-5 x 10 6 cpm/ml). Incubation was done for 2 h at room temperature, 
followed by repeated washings with PBS. The chromatograms were thereafter 
autoradiographed using XAR-5 X-ray films (Eastman Kodak, Rochester, NY) for 12 h. 
Autoradiograms were replicated using a CCD camera (Dage-MTI, Inc., Michigan City, In) 
, and analysis of the images was performed using the public domain NIH Image program 

10 (developed at the U.S. National Institutes of Health, and available at 
httn://rsb.infQ.njh.gov/n ib-image/). 

Inhibition with Soluble Oligosaccharides As a test.for possible inhibition of binding by. 
soluble sugars 35S-labeled E. coli strains were incubated for 1 h at room temperature with 
15 approximately 1.5 mM of globotriaose, or glpbotetraose and3'-sialyUactose inPBS. 
Thereafter the chromatogram binding assay was performed as described above. 

Analysis ofglycqsylationfrom human gastrointestinal system : — Human mucosa samples 
. were obtained from surgical operations. They represented epithelial tissues of the larynx 
20 and the gastrointestinal tract, ^ namely stomach and colon. ^ 

Reducing oUgosaccharides were isolated by non-reductive p-elmunation. After 
purification; toey represented all kmds 

25 MALDI-TOF MS was performed with a Voyager-DE STR BioSpectrometry Workstation; 
essentially as in (Saarinen et al., 1999; Papac etal.; 1906; Harvey, 1993). Neutral 
oUgosaccharides Were analyst 2;5-dmydrobenzoic acid matrix in positive ion . 
reflector mode, and acidic oUgosaccharides i were . analysed wiui 2^4 , ,6^- . ; 
triibydro^acetophenoTO'niatruc in iega&veion'fin^ir mode: 

All exoglycOsidase reactions were performed essentially as described previously (Nyman 
et al.- 1996; Saarinen et al., 1999) and analysed by MALDI-TOF MS. The eraymes and 
their specific control reactions with cWcterised oUgosaccharides were: p*-N- 
acetylglucosaminidase (Streptococcus pneumoniae^ recombinant, E: coli;, Calbiochem, 
USA) digested GlcNAcB l-6GairR in ^1,4-galactosidase treated lacto-N-hexaose but not 
GalNAcpi^4GlcNAcpi-3/6Cal-R in a synthetic oUgosaccb^d&; Arthrobacter ureafaciens 
siaUdase (recombinant,^, coli; Glykd, UK) digested both Neu5Aco2-3GalBl-4GlcNAc-R 
and Neu5Aca2-6Galpl-4GlcNAc-R in synthetic oUgosaccharides; ct2,3-sialidase. 
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(Streptococcus pneumoniae, recombinant, E. coli; Glyko, UK) digested Neu5Aca2- 
3Galpl-4GlcNAc-R but not Neu5Aca2-6Galpl-4GlcNAc-R in synthetic oligosaccharides; 
al,2-fucosidase (Xanthomonas manihotis; Glyko, UK) digested Fucal-2Gaipi-3GlcNAc- 
R in monofacosyllacto-N-hexaose I but not Galpl-4(Fucal-3)GlcNAc in lacto-N- 
fucopentaose HI; al,3/4rfucosidase (Xanthomonas sp.; Calbiochem, USA) digested Galpl- 
4(Fucal-3)GlcNAc-R in lacto-N-fucopentaose HI but not Fucal-2Galpl-3GlcNAe-R in 
monofucosyllacto-N-hexaose I; pi,4-galactosidase (Streptococcus pneumoniae, 
recombinant, E. coli; Calbiochem, USA) digested Galpl-4GlcNAc-R but not Galpl- 
3GlcNAc-Rin lacto-N-hexaose; pl,3-galactosidase (recombinant, E. coli; Calbiochem, 
USA) digested Galpl-3GlcNAc-R but not Gaipi-4GlcNAc-R in lacto-N-hexaose; a- 
mannosidase (Jack bean; Glyko, UK) transformed a mixture of high-mannoseN-glycans to 
the ManiGlcNAca N-glycan core trisaccharide. Control digestions were performed in 
parallel and analysed similarly to the analytical exoglycosidase reactions. 

RESULTS 

Screening for Carbohydrate t Binding Activity > o/Diarrheagehic E. coli 
Using Mixtures ofGlycosphingolipids:— During the initial studies the potential 
carbohydrate recognition of a number of diarrheagenic £. coli strains (summarized in Table 
1) was evaluated using well, characterized mixtures of glycospbmgblipids in the . 
chromatogram binding assay, in order to expose the bacteria to alaigemunber of variant 
carbohydrate sequences. Thereby, a selective binding to some glycdspbingolipids was 
detected, while other compounds were not recognized by the bacteria. The binding patterns 
'obtained v^edbe^eenWstrabs as exemplified in Fig. h 

Binding ofCCUG Type Strains to Pure ^ 

bmding characteristics, two type strains (CCUG 38068 and 38077) were selected for . 
binding assays using pure glycosphihgolipids oh min-layer chromatograms, as exemplified 
in Fig. 2. The results are suminarized in Table 1 2..Thus, bom strains bound to 
lactosylceramide. The binding to lactosylceramide was only obtained when this 
glycosphingplipid had a ceramide with sphingosjne or phytosphingosihe and hydroxy fatty 
acids (No.5 in Table 2), whereas lactosylceramide with sphingosine and non-nydroxy fatty 
acids (No. 4) was consistently non-bmding. 

Further glycosphingoUpids recognized by both bacteria were galabiabsylceramide (No. 6), 
isoglobotriaosylceramide (No..7), globotriaosyleeramide (No. 8), gahgUotriabsylceramide 
(No. 10), gangUotetraosylceramide (No. 11), globotetraosylceramide (No. 12), Forssman 
glycosphingoUpid (No. 14), neolactotetraosylceramide (No.15), lactotetraosylceramide 
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(No. 23), neolactohexaosylcerarnide (No. 22) andNeuGcctf-neolactohexaosylcenunide 
(No. 36). The binding to these glycosphingolipids was not dependent on ceramide 
structure. 

The strain CCUG 38077, but not strain CCUG 38068, also bound to a number of 
gangUosides (Nos. 28, 29, 31-36; exemplified in Fig. 2). Binding-active gangUosides had 
both W-acetyl- and JV-glycolyl neuraminic acid, and me.neuraminic acid could be both ch- 
unked and a6-linked. However, all gangUosides were not recognized, e.g. no binding to the 
GDla ganglioside (No. 30) was obtained. 

The strain CCUG 38068 on the other hand bound to the.Le 8 -5 glycosphingolipid (No. 24), 
which was not recognized by strain CCUG 38077.. 

The, two strains of E. coli were also shown to bind to Mana3(Mana6)Man on thin-layer 
chromatograms. The saccharide was tested after coupling with a lipid tail through reductive 
aminatiori. Further experiments with double branched niaimose-containing neoglycohpids 
indicated that the binding was dependent on the presentation of the saccharide. 

Neoglycohpids with terminal GlcNAcjbtacNAC were also recognized by the two CCUG 
strains. 

Rased on bindW natterns and carbohydrate structures the binding-activities Were 
classified into eight separate bindin p specificities: 

a) Lactosylcer^de-bind^ 
.isoglobotriabsylceramide (No. 7). 

b) GangUo-bmding: represented by gangiiotriabsylcei^nide (No. 10) and 
gangUotetraosylceramide.(No. 11). . f-''\ 

c) ^a4Gal-bmdmg:rep^resemed ^ 

globotriaosylceramide (No. 8), globotetraosylceramide (No. 12) and the Forssman 
glycospbingohpid (No. 14). 

d) Lacto-binding; represented by lactbtetraosylceramide (No. 23). 

e) . Neolacto-binding: represented by ^^neblactotetraosylcerannde (No.15), . 

neolactohexaosylceramide (No. 22) and NeuGca3-neolactohexaosylceramide (No. 

36). ' ' "... •.' .. ,' • ' . - •' '.' 

f) Binding ;to ^ focosylated glycosphmgohpids: represented by the Le 8 -5 
glycosphingolipid (No. 24). 

g) NeuAc/NeuGc-X: represented by the gangUosides Nos. 28, 29, 3 1-36. 
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h) Mannose-X: represented by the Mana3(Mana6)Man-neoglycohpid. 

Each wild type strain (Table 1) exhibited two or more of the binding specificities listed 
above, and the combination of binding specificities varied among the strains. Most strains 
5 had even three or more binding specificities. Four and more binding specificities were 
observed often and most strains may probably have capacity to express all or almost all of 
the specificities, though the specificities are not active all the time 

Inhibition Experiments The ability of soluble oligosaccharides to interfere with the binding 
10 of diarrheagenic E. coli to glycospbingolipids on thin-layer plates was examined by 

incubating the bacteria with a mixture of globotetraose and 3'sialyllactose before binding on 
chromatograms. The results are shown in Fig. 3. Thus, by incubation of the bacteria with a 
mixture of ohgdsaccharides an mhibtion of the bui(iing to bom globotetraosylceramide and 
3 'sialyl-paragloboside was obtained. Inhibition of binding to globotriaosylceramide was also; 
15. obtained by preincubatiing the bacteria with 1.5 mM globotriaose. 

Analysis of 'protein glycosyldtion from human gastrointestinal system-^ The occurrence 
of some terminal glycah epitopes in the samples is exempimed below. In all these 
analyses, the detection level is of the order of 5 % of the relative abundances of the most 
20 abundant components...- 

Galpi-4GicNAc$-R. Terminal type H N-acetyllactosaminyl groups, as evidenced by 
susceptibility to Str&tococcus pneumoniae pl,4-galactosidase digestion, were detected in 
all the analysed -tissues, nameiy larynx^ stomach, and colon. For example, a peak at m/z 
25 1809.73 iri-lhe positive ion reflector mode mass spectrin of the colon sample;' ' '• 

corresponding to the ion kructure jHexsHexNAc^uc+Naf, calc. m/z - 1809.64,. was . 
eliminated by pi,4-galactosidase treatment and transformed into m/z 1485.68, . 
" ' cbrresponding to Wipn Stracnire jHex 3 ttexNAc^uc+Na] + , c^cj m/z = 1485.53. 
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Galpij-rR: Terminal pi,3-galactosidase susceptible galactose residues were detected only 
•! in colon epithelium, but not in larynx of stomach epithehum. A clear increase in the 

J intensity of a peak at m/z 933.37 in the positive ion reflector mode mass spectnmi,- 

. ;• corresponding to the ion structure [HexsHexNAcz+Na^ calc. m/z = 933.32, was generated 
in a p.l,4-galactosidase pretreated sample by the action of pi, 3-galactosidase. Also, the 
TV 35 intensity of a peak at m/z 1996.84, corresponciing to the ion structure 
*' [HexiexNAcsFuci+Naf, calc. m/z = 1996.72, was clearly increased in a pi,4- . 

galactpsidase pretreated sample by the action of pi, 3-galactosidase. This indicates 1hat 
mere are pi,3-galactosylated derivatives of these structures. • 
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Fucal,2-R. Possible terminal al ,2-fucosyl residues were detected in the stomach 
epithelium sample, but not in larynx or colon epimelium. Upon al,2-fuc0sidase digestion 
of the stomach sample, in the positive ion reflector mode mass spectrum there was 
5 increases in the intensities of peaks at m/z 755.24, corresponding to the ion structure 
tHexHexNAc ? Fuc+Na] + (calc. m/z 755.27), and m/z 917.29, corresponding to the ion 
structure tHex2HexNAc 2 Fuc+Na] + (calc. m/z 917.32), suggesting the presence of 
fucosylated derivatives of these structures. ■ 

10 Fucal,3-R andFucal,4-R> Possible terminal Lewis" or Lewis" blood group detenninants 
were detected in the larynx and colon epithelium, but hot in the stomach sample. For 
example, a clear increase in the ^ .mtensity of a peak at m/z 2012,81m me positive ion 
reflector mode mass spectrum of the colon sample, con^pphding.tomeionsnucture 
pHex^HexNAcsFuc+Naf, calc. m/z = 2012.72, was generated in a al,2-fucbsidase 
15 pretreated sample by me action of al,3/4-fucosidase, showing the presence of focosylated 
derivatives of this structure. 

Mana-R. Terminal a-mannosyl residues were detected in all samples, as a-mannosidase 
digestion affected a varying series of peaks in me positive ion reflector mode mass spectra, 
20 namely at calculated m/z 771.26 [Hex 2 HexNAc 2 +Na] + , m/z 933.32 [Hex 3 HexNAc 2 +Naf, 
m/z 1095.37 [Hex^exNAcz+Na]*, m/z 1257.42 [HexsHexNAci+Naf, m/z 1419.48 
[Hex 6 HexNAc 2 +Na] + , m/z.1581.53 Kex7HexNAc 2 +Na] + , m/z 1743,58 .. 
[Hex^exNAc 2 +Na] + ,^nd m/z 1905.63 ^exsHexNAcj+Naf. After a-mannbsidase 
digestion, these signals were converted to a single peal: at calcuiatedm/z 609.21 
25 ^exiHexNAc 2 +Na]% mdicatmgthat.^ 
glycans. : 

detected in the sampik For example; upon o2-,3-siaIidase digestion Of stomach glycans, a 
30 decrease was observed in the relative intensity of a peak at m/z 2369.4, corresponding to 
.theibns^ 

NeuAccd, 6/8/9-R. Terminal sialic acids with linkages other than o2,3 to Gal, or sialic 
acids o2,3-linked to GaMAc (Toiyonen et al., 2002), were detected in the samples. For 
35 example, Arthrobacter ureqfaciens sialidase digestion of a2,3-siahdase treated stomach 
giycans completely digested peaks at m/z 1931.6 |NeuAciHex^HexNAc 4 -H]- (calc. m/z = 
.193 1.7), m/z 2077.9 JNeuAciHexsHexNAc^Fuc-H]" (calc. m/z = 2077.9), m/z 2223.3 
[NeuAc 2 Hex 5 HexNAc4rH]- (calc. m/z - 2223.0), m/z 2369.4 |>IeuAc 2 HexsHexNAc4Fuc- 
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HT (calc. m/z = 2369.1), m/z 2735.1 [NeuAc 2 Hex<sHexNAc5Fuc-Hr (calc. in/z = 2734.5), 
and m/z 3026.5 [NeuAcaHexsHexNAcsFuc-H]' (calc. xn/z - 3025.7). Due to their large 
size and typical monosaccharide composition, these glycans would most likely be N- 
glycans, but potentially also O-glycans. However, smaller glycans that were also affected 
by A. ureafaciens siaUdase, namely at m/z 1038.7 [NeuAcHex 2 HexNAc 2 -Hr (calc. m/z = 
1038.9), and.m/z 1185.4 [NeuAcHex 2 HexNAc 2 Fuc-HT (calc. m/z - 1 185.1), would most 
likely be O-glycans. It must be noted that in all structures in this paragraph with a single 
sialic acid residue, the linkage must be <x2,6 (or a2,3 to GalNAc). 



Table 1. Bacterial Strains of Diarrheagenic colt tested for binding to glycoUpids 
separated on TLC plates. 

15 Twaof the type strains, CCUG 38068 and CCUG 38077, were analysed in more detail 
against a long Ust of natural glycoUpids, see separate Table. The various ote strains 
Sted carry similar binding specificities as for the two type strains of this Table but with a 
variation in binding patterns for individual strains, similar to the variation between the two 
type strains tested in. detail. 

20. -"' ' " ' ■'■ . ' — r— ■ 

CCUG 17649 ETEC 
. CCUG 17650 ETEC 
CCUG 38068 EPEC 
25 CCUG 38077 EAEC 
CCUG 38083 EAEC 
CCUG 38092 EIEC 
CCUG 38094 EIEC ; 

30 12 EAEC strains. .'• " 
9 EHfeC strains . 



• •• 

• : 
••• 
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14 diarrheagenic E. co/i\ clinical.isqlates 



The abbreviations are frbm kataro and Kaper, Clin. Microbiol, Rev. 1 1 (1 998) 142, and mean: 
ETEC enterotoxigenic^ EPEC enteropathogenic, EAEC enteroaggregative, EIEC 
40 . enteroinvasive, EHEC enterohemorrhagic JSL cott 
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What is claimed: 

1. A therapeutical composition comprising a purified fiaction(s) of at least two compounds 
heing or containing a pathogen inhibiting oligosaccharide sequence selected from at least 
two of the following groups of pathogen receptors: 

a) lactosylceramide receptors as defined in the formula 

R,xGalp4GlcpR 2 (0 

wherein x is linkage position 3 or 4, R 2 is a ceramide comprising a hydroxyl fatty 
acid or an analog of a ceramide comprising a hydroxyl fetty acid, and Ri is Gala, 
Gaip, GalNAcp, GlcNAcP or a longer oligosaccharide comprising Gala, Gaip, 
GatNAcp or GlcNAcp at the reducing end or Neu5Xa, wherein X is Ac or Gc, 
with the proviso that when Ri is GlcNAcP or Neu5Xa then x is 3; 

b) ganglio-receptors as defined in the formula 
[GalpSkGalNAcCpUGaHp^Glc}^ (TO 

wherein nl, n2 and n3 aire independently integers 0 or 1, with the proviso that 
■either nl or n3 is l, and with the proviso mat no sialic acids are linked to the : . 
. . oligosaccharide sequence; , 

c) , Gaia4Gal-receptors as defined in the formula . 

: [GalNAcp3]ni^a4^{p4Glc(NAc) n 2}^ JPO 

. wherein nl , n2, and n3 are mdepeiidently integers 0 or 1, anil the GaiNAc-residue 
is optionally further substituted by other monosaccharide residues; 

d) Iacto-receptore as defined in the formula . 

Gaip3GlcNAc[p3Gal{p4Glc(NAc) n i}n2]i ) 3 C 1 ^ 
wherein nl; n2, andn3 are independently integers 0 or 1; ' 

e) neolacto-receptors as defined in the formula 



[GlcNAcp3]„iGalp4GlcNAc[P3Gal{p4Glc(NAc)„2>n3]n4 (V) 

wherein nl , n2, £3 and n4 are independently integers 0 or 1 , when nl is 1 , the non- 
reducing terminal GlcNAc can be further substituted by a monosaccharide residue 
or an oligosaccharide; 

f) fucosyl-receptors as defined in the formula 
Galp3(Fuca4)GlcNAc[p3Gal{p4Glc(NAc)ni}n2]^ (VI) 
wherein ni,n2i and n3 are independently integers 0 or 1; . : 

g) siahc acid-receptors as defined in me formula 

. Neu5XapGaipr[(Fucas)]niGlc(NAc)«a (VH) 

wherein independently X is either Ac or Gc meaning that the sialic acic is either 
Keu5Ac or Neu5Gc, nl and n2 are either 0 or 1, p is linkage position. 3 or 6,r ands 
are linkage positions 3 or 4 with the proviso that when r is 3 then s is 4 and when, r 
is4.thensis3; • ; 

h) mannose receptors as defined in the formula 
Manap[CManour)]»iMah (Vm) 

wherein nis independently 0; or 1, p and rare linkage position 3 (or 6 between the. 
Man residues, with the proviso that When p is 3 "then ^ 

•*'.;.' ■?;•■] ' . '. • ;■ • v . ■ )'"...■■ 

for use as a medicament 

2. The composition according to claim U wherein the pathogen receptor of group a) is 
selected from the group of 'receptor ^oUgosaccharide sequences comisting of: : 

lactosylceramide,lactosylceramidecomprismghy^ - 
lactosylceramide with modified carbon 3 of a galactose residue and 
isoglobotriaocylceramide 




. 3. The composition according to claim 1, wherein the pathogen receptor of group b) is 
selected from the group of receptor oligosaccharide sequences consisting of: 

5 Gaip3GalNAcpVK}alp4Glc, 
and GalNAcP4Galp4Glc 

4. The composition according to claim 1, wherein the pathogen receptor of group c) is 
selected from the group of receptor oligosaccharide sequences consisting of: 

10 

Gala4Galp4Glc, Gala4Galp4GlcNAc and Gala4Gal 

5. The composition according to claim 1, wherein the variable n3 of group d) is 1. .. 

15 6. The composition according to claim 1, wherein the pathogen receptor of group d) is 
selected from the group of receptor oligosaccharide sequences consisting of: 

Gaip3GlcNAcp3Gal, Gal|33GlcNAcp3Gal&4Glc, Gaip3GlcNAcp3Gaip4GlcNAc 
and GaipSGlcIilAcpSGalpSGlcNAc 

20. . " ;• . • ' ..- ." . ; . • • . . 

7. The composition according to claim 1, wherein said monosaccharide residue of group e) 
is Gaip4, or said btigosaccharide of group d) is GlcNAcp3Gaip4, or the variable nl or n' 
of group e) is i. 

25 .• - .• • '•• ,' . ■: . 

81 The composition accoiding.to claim 1, wherem tiie pathogen receptor of group e) is 
selected from the group of preceptor otigosaccliande s^encescc^bting of:^,^^ ^. 

GicNAcp3G^p4GlcNAc, GaiPfGlcN^ 
30 Gaip4GlcNAcp3Galp4GlcNAc,GicNAcp3Galp4GlcNAcp3Galp4G^ and 

GlcNAcp3Gdp4GlcNAc^3Galp4GlcNAc 

9. The composition according to claim 1, wherein the variable n3 of group £) is 1. 

35 10. The composition according to claim 1, wherein the pathogen receptor of group f) is 
selected from the group consisting of: 

receptor oligosaccharide sequences withl-ewis a structure 



5 



0 



11. The composition according to claim 10, wherein said oligosaccharides with Lewis a 
structure are selected from the group of receptor oligosaccharide sequences consisting of: 

Galp3(Fuca4)GlcNAcp3GaI Galp3(Fucd4)GlcNAcp3Galp4GlcNAc or 
Gaip3(Fuca4)GlcNAcp3Galp4Glc 

12. The composition according to claim 1, wherein the pathogen receptor of group g) is 
selected from the group of receptor oligosaccharide sequences consisting of: 

oligosaccharides with Neu5Xa3Gaip3(Fuca4)GlcNAc, 
Neu5Xa3Galp^Fuca3)Glc^^ 

.Neu5Xo3Gaip3GlcNAc, Neu5Xa3Galp4GlcNAc, Neu5Xa3Galp4Glc, 
Neu5Xa6Gaip4GlcNAc or Neu5Xa6Galp4Glc structures 

13. The composition according to claim 1, wherein the pathogen receptor of group h) is 
selected from the group consisting of J^d3(Mana6^Man-conjugates. 

14. The composition according to claim 1, wherein at least one of said compounds is in 
20 monovalent form.. . 

15. The composition according to claim 1, wherein at least one of said compounds is 
linked to a polyvalent carrier. 
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25 16. The composition according to claim 14; wherein said Monovalent form is a 

glycosylaniine br a glycosylamideor a methyl glycoside or a glyco^de including other N- 
. ^ycosides, C-giycqsides or Srglycosides 

17. The composition according to claim 15, wherein said polyvalent carrier is a 
30 . carbohydrate carrier or a particle carrier. 

18. The composition according to claim 17; wherein said carbohydrate earner is soluble; 

19. The composition according to claim 17 or claim 18, wherein said carbohydrate carrier 
35 . is a bacterial polysaccharide or part of bacterial polysaccharide also comprising the 

receptor oligosaccharide sequence. 



20. The composition according to claim 17, wherein said particle carrier is a carbohydrate 
particle, a synthetic polymer particle or a cell. 

21. The composition according to claim 17, wherein said carbohydrate carrier is an 
antigenic or immunostimulatirig carbohydrate, conjugate. 

22. The composition according to any of the claims 1-21, wherein pathogen inhibiting 
oligosaccharide sequence can cross-link the pathogens to immune cells or immune defence 
proteins such as antibodies or lectins. 

23. The composition according to any of the claims 1-21, wherein said medicament is for 
prophylaxis or treatment of gastrointestinal infection. . 

24. The composition according to claim 23, wherein said gastromtestinal infection causes 
diarrhea. . 

25. The composition according to claim 23 or 24, wherein said infection causes traveller's 
diarrhea, children's diarrheas, persistent diarrhea, watery diarrhea, hemorrhagic colitis or 
naemolytic uremic syndrome. 

26. - The composition according to claim 25; wherein said infection is caused by EPEC 
(enteropathogenic Escherichia coli), ETEC (enterotoxigenic Escherichh colt), EHEC 
(enterohemorrhagic Escherichia coif), ETEC {ent6rqmyasi\e Escherichia coli) orEAEC 
(ehterbaggregatiye Escherichia coli). 

27. The composition according to any of the claims 23-25, wherein infection is caused by 
Vibrio species including Vibrio chqler.ae, Campylobacter species including Campylobacter, 
jejuni, intestinal eukariotic parasites mcluding the Entamobae species, Salmonella ; v> 
including Salmonella typ^himurtimYShi^ 

or rotavirus. . 

28. The composition according to any of the claims 23-27, wherein the causb of infection 
. is not diagnosed. 

29. Use of a composition comprising a purified fi*actibn(s) of at least two compounds as 
defined in any of the claims. 1-28 for the manufacture of a medicament for prophylaxis or 
treatment of a gastrointestinal infection. 
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30. The composition according to any of the claims 1-28, wherein said medicament is for 
prophylaxis or treatment of a lung disease. 

31. The composition according to any of the claims 1-28, wherein said medicament is used 
5 for the treatment of a human patient. 

32. The composition according to any of the claims 1-28, wherein said medicament is used 
for the treatment of an animal patient. 

10 33. The composition according to any one of claims 1-28 or 30-32 further comprising one 
or several oligosaccharide sequences selected from the group of: 

otigosaccharides comprising sequences Fuca2Gal, Fuca3GlcNAc, Fuco3Glc, 
NeuNAca8NeuNAc, Fuca2Galp3/4GlcNAc, Fuca2Galp4Glc,. 

15 . ■ '* Fuc62Gaip4(Fuco3)^ 

and ganglioseries gangUoside oligosaccharide sequences. 

34. A nutritional composition or a nutritional additive comprising a purified fractions) of 
at least of two compounds, as defined in any of me claims 1-22 for prophylaxis or treatment 

20 of gastrointestinal infection. 

35. A nutritional composition or a nutritional additive according to claim 34 further . 
comprising a prObiotic microorganism or a prfebiotic substance. . 

25 36. Use of a composition comprising a pathogen receptor as defined in any of me claims 

20asapartoffiiterrm 

• ' •• . - ■ ■ ' •." • ■ .*■ >■■*•.. - ■ . 

.. filtering." . / •• ' '• '..■}■; -: :- : 

37. Use of composition comprising pathogen receptors as defihed in claim any of the 
30 . . claims l-2fr in diagnostics of a pamogen bindmg to at least three otigosaccharide 

,. J sequences as defined m any of me claims 1-13. 

38. Use of composition comprising pathogen receptors as defined in any of the claims 1-20 
" : in diagnostics of a pathogen binding to at least four oUgbsaccharide sequences as defined 

. 35 in any of the claims 1-13.. . 

••v 39. Use according to claim 37 or 38, whereb said pathogen is EPEC (enteropathogenic 
lh . Escherichia, coli ), ETEC (enterotoxigenic Escherichia coli ),EHEC (enterohemorrhagic 
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Escherichia coli) EIEC (enteroinvasive Escherichia colt) or EAEC (enteroaggregative 
Escherichia coli). 

40. Use according to claim 37 or 38, wherein said pathogen is Vibrio species including 
5 Vibrio cholerae, Campylobacter species including Campylobacter jejuni, intestinal 
eukariotic parasites including the Entamobae species, Salmonella including Salmonella 
typhimurium, Shigella species, Aeromonas species, listeria species or rotavirus together 
with any of the pathogens according to claim 39. 

10 41. Use of composition comprising pathogen receptors as defined in claim any of me 
claims 1-20 in coating surfaces of food products for improved food safety.. 

42. A method of treatment for a gastrointestinal infection, wherein a pharmaceutical^ 
effective amount of a composition comprising purified fractions of at least two compounds 
15 being or containing a pathogen inhibiting otigoSaccharide sequence, wherein said 

compounds separately inhibit pathogen binding to relevant carbohydrate receptors on an 
infected tissue, is administered to a subject in need of such treatment 

. 43. A method of treatment according to claim 42, wherein said composition is the 
20 composition defined in any one of claims 1-33. 

44. A therapeutical composition ccmiprising a confound bemg or conteinmg 
inhibitmg oUgosaccharide sequence selected from any one of me groups a), b), ^ 
defined in any of the claims 1-13 for use inprophylaxis or treaunent of diarrhea due to the 

25 presence of EHEC (enterohemorrhagic Escherichia coli) m gastrointestinal tract of a 
• patient. '■ 

45. A therapeutical composition comprising a compound being.or containing apathogen 
inhibiting ; oUgpsaccharide sequence selected from any one of the groups a), b), c), e) or g) 

30 * defined in any of the claims 1-13 for use in prophylaxis or .treatment of diarrhea due to the 
presence of EPEC(enteropambgenic^ 

46. A therapeutical composition comprising a compound being or containing a pathogen 
inhibiting oiigosaccharide sequence selected from any one of the groups a), b), c), d), e), f) 

35 • and g)definedin claim lforusein prophylaxis or treatment of diarrhea due to the 

- presence of ETEC (enterotoxigenic Escherichia coli ) in gastrointestinal tract of a patient. 



47. A therapeutical composition comprising a compound being or containing a pathogen 
inhibiting oligosaccharide sequence selected from any one of the groups c), d), e), g) and 
h) denned in any of the claims 1-13 for use in prophylaxis or treatment of diarrhea due to 
the presence of EAEC (enteroaggregative Escherichia colt) in gastrointestinal tract of a 

5 patient. 

48. A therapeutical composition comprising a compound being or containing a pathogen 
inhibiting oUgosaccharide sequence selected from any one of the groups c), d), e), g), f) or 
h) defined in any of the claims 1-13 foruse in prophylaxis or treatment of diarrhea due to 

10 the presence of EffiC (enteroinvasive Escherichia coli) m gastrointestihal tract of a patient. 

49. Use of a protein linked receptor selected from the group consisiting of: 

lactb-receptors, neolacto-receptors, fucosyl-receptors, manriose receptors or sialic 
15 acid receptors 

for analysis or diagnosis of pathogen binding. 

50 Use of a protein linked receptors defined in claim 49 for analysis or diagnosis Of 
20 binding of probiotic bacteria or microbes. 

51. Use of a protein linked receptors defined in claim 49 for a search or design of 
analogous oUgosaccharide substances. 

25 52 Use according to any one of the claims 49-51, wherein said protein linked receptor 
.comprises at least part.of a 6-gly%n or N-glycan core structure of the receptor defined in 
.. claim 49. ■•* : ••: '/ 

53 . Use according to any one of me claims 49-51, wherem said protem lm^ 
30 : comprises a terminal non-reducing end oUgosaccharide sequence present in epithelium of 
human totestine, human rtomach or human larynx.. 

54/A soluble polyvalent substance comprising at least two oUgosaccharide sequences 
sequences from different groups definedtoany of toe claims 1-13. 
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55. Infant formula comprising at least two pUgosaccharide sequences from different groups 
defined.ih any of the claims i-13. 



56. A food preservative comprising at least two oligosaccharide sequences from different 
groups defined in any of the claims 1-13. 

5 57. A mouth hygiene product comprising at least one of the oUgosaccharide sequences 
defined in any of the claims 1-13. 

58. A mouth hygiene product comprising at least two of the oligosaccharide sequences 
from two different groups defined in any of the claims 1-13. 

10 59. A mouth hygiene product according to the claim 57 or 58 when the product is selected 
from group consisting** toom pastes, mourn wash solutions, tabletei and chewing gums. 

60. A topical, washing or cosmetic product comprising at least one of the oligosaccharide 
15 sequences defined in any of the claims 1-13. 

61. A topical, washing or cosmetic product comprising at least two of the oUgosaccharide 
sequences from two afferent groups defined 

20 62. A topical, 1 washing or cosmetic product according to the claim 57 or 58 when the 
. product is selected from the group consisting of : tooth pastes, mouth wash solutions, 
tablets, cleanser, disinfectant and chewing guttis. 

V . • 63 ; Use of a composition defined hi any of me c^ 1^2 for nOn-diagnb^c inMhition ot 
25 . agglutination of pathogen ex vivo.. 

,mm • •-;•*.. "'*.:" • * ■ ; . . • . 

64^ Use according to claim 63 when the pathogen is E.cqlii 

^ W Composition according to any of me claims 1-28 or 30-36 when one of the 
S .'* : 30 oUgosaccharide sequences is replaced corresponding partial oUgosaccharide sequence 
Q . comprising non-reducmg pyranose formed monosaccharide residue selected from the. . 
. group consisting of: 

• • • 

O Mand NeuNAco, (3alJ3, Gala, Fuca, and GlcNAcp 

•v. 35 ••• . ■ . / 

for use as medicament - 
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(57) Abstract 

The invention provides a therapeutical composition comprising purified fractions of 
compounds being or containing a pamogen-inhfoiting oligosaccharide sequence for use as 
5 a medicament The present invention especially describes an ohgosaccharide^ontaining 
substance or receptor binding to diarrheagenic Escherichia coli, and use thereof in, e.g., 
pharmaceutical, nutritional and other compositions for prophylaxis and treatment of 
conditions due to the presence of Escherichia coli. The invention is also directed to the use 
of the receptors for diagnostics of Escherichia coli. 
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Fig. 3 



A. EPEC44 



till 



Hp* 



B. EPEC 44 + globotetraose 
(1.5 mM) + 3'sialyllactose 
(1.5 mM) 
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